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ORIGINAL ARTICLES 

STUDIES Ii\' GANGETIG ALLUVIUM OF UNITED PROVrX(’ES 

11. SOILS OF SANDILA TAH8IL IN HORDO f D IS'rRICT 

By B. K. Mukeeji, Bh.D., D.Sc., Agricultural Chemist to Government, L'nit.iii Provinces, nn.l R. R 
xIgaewal, M.Sc., D.Phil., Assistant Agricultural fheniist 

(Received for publication on 19 December 1945 ) 

(With one text-figure) 

S ANDILA tahsil forms the south-eastern part of the district of Hanioi in the central Unitetl 
Provinces and lies in latitude 27 '^4' north and longitude 80^30' east behm' nearly mifi-way bet\veen 
Lucknow and HardoL It has a total expanse of about 558 square miles and the entire area has been 
sub-divided administratively into iom pcirgmms (small sub-divisions), iuz, Sandila, Gondwa, Kalyau 
mal and Balamau. 

(a) Topography and soils 

In the north and north-east the tahsil h bounded by the river Gomti, which flows in tortuous 
curves and in the west is the river Sai. Between these two rivers there is an expanse, of afiparently 
level country which can be sub-divided broadly into three parts depending upon the topographical 
conditions. 

These are : (1) the tract of uplands between the watershed of the Gomti and that of the Behta, 
a small rivulet which originates in the north-west of pargana Sandila, nearly eight miles from the 
Gomti and flows in the centre of the tahsil. The soil of this area is reputed to be sandy-ioaxn in tlie 
north but improves slightly in texture as it approaches the Behta. There are several jhils (low- 
lying pockets) in this area which are liable to inundation during the rains. 

(2) The land lying between the Behta and the Lucknow Branch of tlie Sarda Canal is occupied 
by a low-lying imperfectly drained tract having large stretches of iisar (alkaline) lands. This is 
approximately six miles in breadth in the south-east but broadens to nearly eight miles in the north- 
west. The total length is about 16 miles. ' 

(3) A strip of land, nearly eight miles broad and slightly narrowing down as it goes north, between 
the Lucknow Branch of the Sarda Canal and the river Sai is occupied again }>y a slightly high-lying 
area in which the soil is medium loam in texture [Zaidi, 1931]. 

(&) Agricullure 

The total cultivated area of the tahsil is assessed at approximately 210,000 acres, out of which 
nearly 60 per cent is cultivated during the rabi and 53 per cent during the kharif —l?) per cent being 
the area which is double-cropped. Irrigation is not very deficient, the percentage of wet to total 
cultivated area in 193.1, was only 32, but this has now increased to 56 as a result of tlie introduction 
of the Sarda Canal. About 24*0 per cent of the cultivated area is reported, to grow wheat alone or 
mixed and 21 per cent barley in the rabi. The chief crops of the hharif are the millets ( jowar and 
bajra ) ; the acreage under these is assessed at about 23 per cent of the total cultivated, area. .Paddy 
occupies only about 8 per cent and pulses, chiefly arhar, 7 per cent. The area under non-food 
crops, mainly sugarcane, is reported to be 18 per cent. 

The dktribution of the crops on the main soil types described in tlie present paper is as follows : 
Type 1 soils usually grow sugarcane, wheat and barley with jowar us the main hharif crop. The 
better classes of land in soil type 2 grow wheat and barley in the rabi and arhar s,nd joimr in the 
hharif ; but on lighter types only a mixed crop of arhar jowar or bajra is possible. Type 3 soils 
usually grow paddy in the hharf and barley or gram in the rabi. Wheat is also cultivated on good 
quality loams with better drainage conditions. 
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(c) Clifiiate-. 

Unfortimiitely the complete nieteorological data for Sandila proper are not available. In 
Table 1 tlie average rainfall data for Sandila are presented along with other data for Lucknow. 
Lucknow is only about miles east of Sandila and the climate of the two places from the soil point 
of vifAV is not expected to vary much. From Table I it can be seen that the average tot%l rainfall 
for tlie year is only :i4-79 inches and that the maximum precipitation takes place during the months 
of June, July, August and September W'hen approximately 31 inches of rain are usually received. 
The other four inches are received during the remaining part of the year. Winter rains are scanty. 
The highest temperatures are attained during the months of April, May and June when the relative 
humidity is also low. During the hottest part of the year the absolute maximum temperature is 
recorded" to he as high as 115°F. During these months, therefore, considerable desiccation of the 
soil takes place. Winters are never very severe and are usually frost free. The coldest months 
are those of December and January and the absolute minimum has been recorded as low as 34°F. 
However, during these months the relative humidity is fairly high. The climate in general can he 
characterized as semi-arid (Table I). • 

Table I 


Raitifall data for Sandila [average of 42 years) and other meteorological data for Lucdcmw [average of 

22 years) 


Months 

Rainfall 

(inches) 

Temperature 

Relative 
humidity 
(per cent) 

Maximum 

°F. 

Minimum 

Mean 

°F. 

January 

0-73 

74*0 

46-7 

60-4 

81*9 

February 

0-38 

78*8 

50-9 

63-9 

71*9 

March 

0*32 

91*5 

60-3 

75*9 

52*7 

April 

0*11 

102*4 

70-9 

86-7 

40*1 

May 

0*53 

105-0 

77-8 

91-4 

46*1 

June 

4*60 

100-5 

81*3 

90-9 

69*3 

July 

10*65 

92-2 

79*3 

85*8 

83*7 

August 

10-00 

90-3 

78-6 

84*4 

87*5 

September ..... 

5*68 

92-1 

76*5 

84*3 

81*3 

October ...... 

1*38 

91*2 

65-5 

78-4 

72*2 

November . . ' . 

on 

83-3 

52-8 

68-0 

75*5 ■ 

Beeember . . . . ■ , 

0-30 

,75-7 

46-2 

61*0 

81*9 

Average 

34*79 

89*8 

66*2 ^ 

78*0 

70*3 


Lang’s factor for the locality is 35 mm. per degree centigrade and Meyer’s N.S. quotient 
124-7. These figures clearly show that the climate of the locality would favour semi-arid type of 
soil formation. According to Jenny [1929], the N.S. quotient for the chestnut-brown steppe soils 
of the United States of America is 100-180; and it would appear that the climatic soil zone for the 
locality under survey may on these considerations be a type of chestnut-brown soil. However 
it may be noted that the limit of annual temperatures in the United States of America for the chestnut- 
brown zone is between 8°-12X'., hut the mean annual temperature of the Sandila tahsil would be 
approximately 25 C. 

(d) Mahods 

Kie details of technique adopted for the survey of soils were the same as those reported in Part I 
of this series [Mukerji, Agarwal and Mukerji 1944]. A number of pits were dug at sites selected 
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at random, and the morplioiogicar as field reactions were rc?co:iTled on tiie soil 

profiles m sifM. ^ Soil samples were brought to Cawnpore where detailed chennVab inecilianicai on<l 
physico-chemical analyses were made. 

Sarnples of the size of 2 mm. were used for all analysis. Media nical analysis was caiTied out 
by the international pipette method using ammonia as the dispersion agent. Hvdrocliloric acid 
extract was made according to the method prescribed by the A.E'.A. [Wright 1938]. '' pH values were 
determined in N-KCl using hydrogen electrode. Water extract was prepared from a 1 : 5 soil- water 
mixture and filtered with the help of a Chamberlain filter candle. The individual cixcliangeable 
bases were determined in the leachate prepared through the use of neutral aininoiiiimi acetate^ the 
total of which was reckoned as the total exchangeable bases. 

Expeeimental 

Hn the basis of a large volume of data collected in the course of the survey, the soils of the Saiidila 
tahsil have been classified into three distinct soil types, the distribution of which is shown on the 
f )v The profile descriptions along with the analytical data for a representative soil profile 
under each type are given below and the results are discussed specially in reference to their pedologi- 
cal aspects. 
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'andild. BrurtcTj; 


Le&lnd 

Typtl 
T'/pe-E llliliHill 
TypE.1 


Fic. 1. Tahsil Sandila— Soil Types 
(Scale 1 i -4 miles) 
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Hit* soils l)eloi)sj;ii)g to this type occiu* towards the west of the to/m? bordering the Sai river. 
Hiis belt of la.)i(l has ii'n average breadth of about four miles and is slightly high-lying. The high 
bank of Hai is well marked but is sandy and liable to inundation during high floods. The soils of the 

other part of the zone are good sandy loams. The profile description is given below ; 

Mo f photon ij 

p j ft. 2 in. Whitish grey loamy soil without any structure; loosely packed ; non- 

calcareous, gritty and slightly alkaline. , •, 

II. 1 ft. 2 in.— 1 ft. 10 in, 1 ft. 10 in.— 3 ft., 3 ft.— 4 ft. Slightly greyish yellow loamy soil 
with more of clay ; granular in structure ; more compact than the top layer ; calcareous 
and alk-aline ; embedded with small fragments of kanhir towards the bottom ; roots 

visible up to 3 ft. y 

III. 4 ft.— 5 ft., 6 ft.— 6 ft. Light yellowish grey tending to be ashy-grey at the bottom ; 
sandy in texture ; highly calcareous material rather loosely held ; embedded with big 

.sized AwiAzms about 1 in.— 1|- in. in diameters ; markedly alkaline. 

The })rofile was sampled in the village Kachhauna from a cultivated field which is being irri- 
gated by wells. The soil is reported to be highly fertile and usually bears a good wheat crop. The 
topography is flat and the water table is 15 ft. during the summer and 10 ft. during monsoons-. 
From the niorphologioal description it is clear that the soil has developed over a calcareous parent 
material and that there are slight signs of eluviation of clay in the lower layers. 

The data for the mechanical and other analyses are given in Table 11. 

Table II 


Meclumkal and other analyses of Sandila soils (Type I) 


PartiouiarH 

0-1 ft. 2 In. 

1 ft. 2 in. — 

1 ft. 10 in. 

1 ft. 10 in.— 
3 ft. 

3 ft."~“4 ft. 

4 ft.— 5 ft. 

5 ft.— 6 ft. 


,A 


B 


c 


Coarse sand percentage 

0-48 

«*26 

0*20 

l^OO 

0*97 

3*20' ■ 

Fine sand percentage . 


36*03 

31*45 

36*67 

, 41-25 

53*23 

Bllt^fercentage; 

m-iQ 

3P45 

30*20 

>29*S0:: ■' ; 

28-10 

21-23 

Olay percentage * . . . ' 

17*50 

30*10 ^ 

31*90 

27*75'' 

23*50 

-'15*50 

Organic carbon percentage 

0*312 

0*172 

0*140 

0*125 

-"■■■:0*i25 

■'•■;0*109; 

Total nitrogen percentage 

0*0504 

0*0490 

0*0392 

0*0462 

0-0364 

0*0210 


7*3 

7*6 

7*8 

7*9 1 

7*9 

7*8 

Sloisture equivalent percentage 

27*1 ■ 

28*7 

31*0 

29*2 : 

2-71 

. 29*0 

Water holding capacity percentage 

44-7 

63*3 

51*1 

54*6 

53*2 

52*4 


The data for the mechanical analysis show that the top layer contains little clay, but that clay 
has been eluviated into the lower horizon and is distributed more or less uniformly up to a depth 
of 4 ft. The bottom two layers are again poor in clay. Fine sand content is high at the top 
which confers on this layer a typical open texture but decreases again in the B -horizon only to in- 
crease in the last layer. The greater colloidal matter content of the clay B-horizon makes it compact 
and moderately impervious to water. Nitrogen and organic matter are high at the top but decreate 
to a very low %urc.s as we go down in the profile. 

The chemical composition of the soils belpnging to this type is shown in Table HI. 
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An,Aysi, of ihe J<ydmcJdoric acid extract erf Sandila mlh {Type 1) 


Percent ais dry basis 


Particulars 


ia2in.— 
1 ft. 10 in. 


1 ft. 10 in.— 
3 ft. 


3 ft. 


5 ft.— 6, ft. 


Moisture 
Loss on ignition 
Total insolubles 
Pe/J.,,. 

ALO 3 . 

Cab ' . , . 
MgO . . 


m every, ease A^as found to be more sUiceous than the B-horizon It seems tha^Sie. h^ ^ 

pirf r;p:r„:Lr 

If L“«ro", f .SSSenSr t“ 

flnencri by tie cl.sltil.utiee „t cky in the »il proffle. Lime .ml n,.Rne.i“„c?ef f Lliv 

lepth. llie Biagiiesja content seems to be faiiiv hio’h showing' the r]Vl 1 np^c^ nf fba ^ -l '' j • , 

... ttt ing..e,iient. Tie „1 seem. ,« M in poti! f f tif 

JvirlS' f nie accumulation of silica in the top layers and eluviation of'«esaui 

oxid^ specially alu anna, in the bottom layers are signs of weak podsolization. ^ 

tio». forr f ll.f ■>' “» l™«« i» n ..d 

Table IV 


Anahj.ng of water exiract of Sandila mils (Type I) 


0—1 ft. 2 in. 

1 ft. 2 in. — 1 ft. 10 in. 
1 ft. 10 in. — 3 ft, 

3 ft.— 4 ft. . 

4 ft. — 5 ft. . A 

5 ft.— 6 ft. , 


Total 
solids 
(x:»er cent) 


Percentage of total 
cations 


M. e. percent. 


Oa Mg Ifa+K CO, HCO. Cl 


The data ^r the analysis of the water soluble salts of the soil profile show certain very interestins 
characteristics. The total solids are not high but have a tendency of accumulation with deprS 
bably as a result of the presence of the clayey B-horizon. . Of the. cation.s, calcium and magnoshim 
form the majority and in the top layer tlie monovalent ions are present only to an extent of 10 per 
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cent ; but in the B'-liorif.on they, increase 'to about 24 per cent decreasing again to 15-17 per cent in 
tlic C-horizon. The accnmulation of the monovalent ions in the B-liorizon coupled with its clayey 
nat ure is I'espcmsible for its indurated character. The majority of the anions consists of bicaihonates. 
Carbonates are absent, sulphates are present in traces and chloride content is small. Bi-carbonates 
show a distinct trend of being washed down in the profile. The higher bi-carbonate content of the 
lower layers confers on them a markedly alkaline character. The striking feature is the richness of 
the extract in magnesium as compared to calcixim, the water extract throughout being of a pre- 
doininating magnesian character. 

Table V 

Analims of the exchangeable bases of Sm 


Depth 

Total 

exchange- 

As percentage of total exchangeable bases 

able bases 

m.e. 

Ca 

Mg 

K ' 

Na,' 

0—1 ft. 2 in. . . . . . • — 

10-33 

67-76 

29-91 

2-33 

nil 

1 ft. 2 in.— 1 ft. 10 in 

16-63 

69-76 

28-44 

1-81 

nil 

1 ft. 10 in.--3 ft 

15-07 

57-73 

37-42 

. 2-78 

2-07 

3 ft. — 4 ft 

11-84 

38-85 

62-53 1 

3-53 

■5-07 

4 ft,— 5 ft 

11-52 

38-19 

60-52 

1-56 

9-73 

5 ft.— 6 ft 

7-57 

25-09 

65-39 ; 

i 

9-51 

nil 


The total exchange capacity is not high. The bulk of the exchangeable bases consists of divalent 
cations. The monovalent bases are not more than 11 per cent, being higher in lower layers, of 
the divalent bases, calcium forms the majority in the first three layers but the position becomes reverse 
in the last three layers, where magnesium comes out as the predominating cation. Sodium saturation 
is nil in the first two layers and increases with depth reaching a maximum value of 9-73 in the fifth 
layer. The richness of the water extract in magnesium was evident from Table V. It appears that 
tlm exchange complex gets more saturated with magnesium in the bottom layers than in the top layers 
although the magnesium content of the exchange complex in the top layers is high enough. The 
B-borizon is, furt her, rich in sodium cation and this makes the clay of that horizon slightly sticky and 
defiocculated in water. The potash saturation is low tliroughout except in the last layer. 

(ii) Type 2 

This soil type occurs towards the eastern part oiiixe talisil in the area between the river Gomti 
and the rivulet Behta. The belt of the land is approximately 16 miles in breadth in the south 
but converges to about eight miles when it ti^averses north. There is anothe'^ strip of land on the 
other side of the tahsil on which this soil type occurs bordering the area occupied by type 1 soils. These 
two belts of land presumal^ly meet somewhere further north. Near the river Gomti there is a narrow 
low-lying stretch of land, the soils of which are similar genetically to those under this type but are 
highly sandy in character. The distribution of type 2 soils, along with its sandy sub-type, is shown 
onthemap(fig. 1). 

The soil profile is of the following type : 

Morphology 

I, 0-1 ft., 1 ft. — 1 ft. 9 in. Light grey or browinsh grey gritty soil ; loamy in texture ; 
loosely packed ; non-calcareous and slightly alkaline to neutral in reaction ; roots 
visible. • 

IL 1 ft. 9 in. — S ft., 3 ft. — 4 ft. 4 in. Light grey with some shade of yellow or red ; slightly 
compact ; clayey loam in texture ; granular in structure ; brown rust mottlings 
together with dark brown concretions of the size of the pea visible ; non-calcareous 
and neutral to slightly acidic in reaction. 

Ill, 4 ft. 4 in. — 5 ft., 5 ft,-— 6 ft. 1 in. Light brown to yellowish brown sandy soil ; rather 
loosely held ; rust streaks visible ; non-caicareous and neutral in reaction. 
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■ A number of profiles. belo!).ii:i’ng 
wit'll, other data of , a typiea'! .s; 


AJec/i(uucal and other analyses of SandUa soils (Type 2) 


The resiilts of mechanical analysis show that there are feeble signs of eluviation of clay into the 
lower layers and that the fine sand content is liigh at the top, decreasing in the B-horizon and increases 
again in the bottom most layer. Coarse sand content is high in the top four layers as compared with 
the bottom two layers. Organic matter decreases regularly with depth and so does total nitrogen. 

is slightly alkaline at the top and decreases gradually till it becomes more or less neutral at the 
bottom. The profile does not contain any calcium carbonate. The characteristic differ ence between 
type 2 and type 1 profiles described previously is the non-calcareous nature of the former which confers 
on this type entirely different properties. 

The composition of the hydrochloric acid extract of the soils belonging to type 2 is shown in 
Table VIL 


Table VII 

Analysis of the Jiydrochloric add extract of Sandila soils (Type 2) 
(Per cent air dry basis) 


Particulars 


Moisture 
Loss on ignition 
Total insolubles 
Fe;,Os . 

ALOs . 

CaO . 

MgO . 

KaC) . 


Moisture follows the same trend as the distribution of clay and so are in general the loss on ignition 
figures. Hydrochloric acid insolubles are high at the top two layers and decrease in the B-horizoji 
increasing vslightly again in the last layer. Tliis behaviour is correlated with the fine sand cont^nt 
of the profile. Sesquioxicles follow the distribution of clay being higher in the B-horizon. Lime 
seems to be coinplei-ely leached out of the profile but magnesia and potash show signs of accumulation 


Particulars. 

0-1 in. 

1 ft.— 1 ft, 

9 in. 

1 ft. 9 in. — 
3 ft. 

3 ft,— —4 ft. 

4 in. 

4 ft. 4 in.— 
5 ft. 

5 .ft,— 5 ft. 

■ ' '11 in. , ' 


A 


B 



. 0 , ' 

Coarse sand percentage . /. . 

Pine, sand percentage . . , . 

'Silt percentage ■ " , . ' ' . ' ■ , , 

Clay. percentage.' , 

Organic carbon percentage 

Total nitrogen percentage 
pH in KCi ■' . ■ . . 

Moisture equivalent percentage 

Water bolding capacity percentage 

0-85 

51‘2S 

24-40 

lo*S5 

0-2166 

0-0700 

I 7-8 

■ 26-0 
■ 44-6 

i 

1-02 
52-96 
24-85 
: 18-27 

1 0-1615 

0-0672 
i 7-S 

22-0 

45-7 

1-48 
43-32 
! 23-55 

j 26-45 

I 0-1330 

1 0-0546 

7*2 

26-4 

46-1 

i 

2-10 
42-11 
21-08 
. 28-08 
0-1007 
0-0546 
■ 7-2 

28-4 
i 48-6 

O' 15 
.4!)'45 
• 21-35 

26-60 

1 0-1045 

I 0-0462 

' , 7-1 

27*0 ' 

: 51-3 

0-16 

53-75 

20-25 

22-10 

0-0869 

0*0533 

7-0 

28-1 

51-0 
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Remits of the analysis of the water extract of Sandila soils {Type 2) 


M. e. per cent 


nil Traces 

7hil Nil 

7iil Traces 

7iil Nil 

nil Traces 

-nil Traces 


Exchangeable bases in Sandila soils [Tijpe 2) 


As per cent of total excliangeabie bases 


Total 

exchange- 

able 

bases m.e. 
per cent 


tlie analysis of the water extract sliow tliat the total vrat.er 
ilagnesivnn has a tendency of accumulation with depth 
ir. This corroborates the finding that the ])r(>file exhibits 
than calcium leaching. The last layer is unusually rich 
u-'Carbonates form the majority and only traces of sulphat 
les is significant showing greater degree of leaching than what v;as foi 


soluble solids are high 
wh erea.s calciimi shows 
niagnesiiim leaching to 
in mono valent cations. 
e-s/-,are . ■ present . , ' Thc' 
ind in type 1 

From the data on exchangeable bases it is evident that the first two layers are slightly lower in 
total exchangeable bases but these increase in the next trvo layers and again fall in the last two 
layers. This behaviour seems to Ije correlated with the clay content of the soil. Exchangeable 
calcium is highest at the surface and shows a minimum value at the fourth layer. Tt increases 
slightly in the last two layers. Exchangeable magnesium is low in the A-horizon, becomes more in 
the B-horizon and is highest in the C-horizon. Divalent exchangeable bases follow in general the,; 
tiend found in the water extract* Tlio value for the exchangeable potash, has been found to decrease 


Total 

solids 

Percentage of the total 
cations 

]jcr cent 



Ca Mg Na+K 

O'OSO 

13-6 53*2 33*2 

0*080 

7*0 63*3 28*8 

0072 

5-1 59*8 35*1 

0*060 

7*9 64*0 28*1 

0*074 

2*9 73*5 22*6 

«)*080 

4*8 38*0 57*2 
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with, depth niid in the last two layers it is uniisuElly low. The satiuiilinn with sodiniii hills from 
84 per cent in the first layer to 1‘8 per cent in the third layer hut beroirH‘s IhH and \h8 per cent in 
the fourth and the .f].fth layer, respectively. It- again falls in the Iasi'. 

(iii);Fype 3:.:: . 

The; soil ^ type described under this head oc-cnrs -as, an island in the region occupied by soils of 
type.. 2 and lies on lightly lower topogTaphical conditions. The landscape in the area occupied by 
soil type 3 hasheen d.isfigiired at places by large stretches of iisar (alkaline) lands, Pedoiogieally 
this typo is an intrazonal type being type 2 with more soleiitzic fealiircH. ,A t\|)icjil de.scri|ition of 
the profile in which salinization process has not progressed to an extent to foiau solentzic soil is given 
beknv : 


Morphology 

L 0-2 ft. Brownish grey soil with yelhwish tinge ; loamy in texture ; gritty and without 
^structure; no concretions; loosely packed; non-calca.reous und neiitrai in reaction. 

IL 2 ft.-S ft., 3 ft.-4 ft. 6 in. Browm,ish .grey soil.; loaiiiy in texture ; witliout structure ; 
black concretions being iron deposited round alroiit Cjiiaiiz particles ; slightly more 
coinpact ; non-oalcareous ancl neutanl to alkaline in imctioiL 

III. 4 ft. 6 in.-5 ft. 3 in., 5 ft. 3 in.-fi ft. Lighter brown soil ; sandy loam iii texture ; gritty 
and without structure; no concretions; loosely packed : nonmalcareous ; neutral to 
alkaline in reaction. 

Although the second layer shows very slight signs of ind oration this does not appear to be due 
to clay. The clay content, in this type of soil 'was found to be more or less constant in the first two 
or three layers and then had a tendency to decrease downwards. The texture of the top soil can be 
described to be definitely heavier than what is met with under the previous two types. The presence 
of iron concretions in the B-horizon signifies the nearness of the ground waters. The mechanical 
and other general analyses of a typical profile sampled from the village Mandai, near Sandila proper 
are showm in Table X» 


Table X 


Mechanical and other analyses of Sandila soils: (Type 3) 


Particulars 


Coarse sand percentage 
Fine sa id percentage 
Silt percentage 

Clay percentage » . . 

Organic carbon percentage 
Total nitrogen percentage 

Moisture equivalent percentage . 
Water bolding capacity percentage 


2 ft. 

2 ft.— 3 ft. 

3 flu— 4 ft. 
6 in. . 

4 ft. 6 in — 

5 ft.. 3 in. 

/ 5 ft. 3 in— 
6 ft. 

A 

B 

C 

2-05 

. 

4-SO 

0-90 

0-27 

0-22 

45-50 

39-83 

53*48 

68-61 

79-35 

24*55 . 

: 24-65 

18-70 

12-30 ■ 

7-40 

26-15 

^7-80 

- 24*10 

10-85 

9-73 

0-253 

0-184 

0-164 

O-iOl 

0-085 

0-0798 

0-0322 

0-0504 

0-0518 

0-0G30 

7-0 

6-9 

6-9 

•7-i 

7-0 

V- : 254 

27-2 

27*0 

21-5 

17-1 

45-9 

43-0 

48-0 

46-8 

44-4 


An examination of the data presented above clearly shows that the coarse sand fraction is 
comparatively high at the top layers which suggests that the soil has been subjected to slight erosion. 
The fine sand content increases with depth ; whereas silt and clay fractions decrease downwards. 
These figures show that although the top soil is a moderately heavy textured, soil, the botto.m layer is 
still sandy. Organic carbon and total nitrogen also decrease with the depth, of the profile. The 
vB, in the present case is more or less constant^ but iu other profiles of this type, which were studied, 


in 
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tlie /vll is foiiiKl to iiierease witli depth. Moisture equivalent and to some extent the water-holding 
('.i]ir,cli v Jolicw till- same trend as tlic distribution of clay. 

Till' I lii'ihifal I mnposilion of the soils of type 3 is shown in Table XI. 

Table XI 

A naUjds of the liydrochloriG acid eiiract of Sandila soils {Type 3} 


(Per cent air dry basis) 



particulars 




0 ft.— 2 ft. 

2 ft.— S ft. 

3 ft.— 4 ft. 

6 in. 

4 ft. 6 , in. — 

5 ft. 3 in. 

5 ft. 3 in.— 
6 ft. 







A j 

B 

1 

g: " 

Moisture 





V 

1-54 

1-75 

1-54 

1-07 

0*54 

Loss on ignition 






2*54 

. . 2*89 

2-30 

2-13 

2-80 

Total insolubles 






80-32 

76-39 

79*10 

82*39,, 

86*62 

. 

AI 0 O 3 






4-64 

4-84 

5*16 

4-04 

3-60 






8*05 

11-63 

7-57 

7-26 

6-00 

Cab 

MgO 

.K,0 

P.A . 

QO, 






0- 50 

1- 15 

0- 49 

1- 43 

0-31 

0-50 

0-35 

0-56 

0-43 

0-90 






M3 

0*98 

1-10 

0'68 

0-08 






o-io 

o-os 

0-08 

■ 0-07 

0-09 






mi ' 

Nil 

Nil 

Nil ! 

■ i 

Nil 


! Jloistiire figures indicate tlie sanie tendency as tlie distribution of colloidal matter. Insoluble 

, matter in hydrochloric acid is higlier in the bottom two layers wHcIi were also foimd to be lowest in 
clay and Jiighest in fine sand content. Sesqiiioxides are lowest in the bottom two layers evidently 
due to the lower clay content. Lime seems to be completely leached out and the leaching of magnesia 
m not at all prominent as in the other two types. Potash also follows the same trend as the alkaline- 
earth bases. In short, it seems from a study of the distribution of clay and the bases, that vertical 
leaching in the soil profile has been more or less completely absent. For, with a sandy layer in the 
bottom, we should have expected a vertical distribution of all these constituents. This is due to the 
fact tliat the soil type described above is subject to very poor drainage during the rainy season and 
the water table is also comparatively higher being about 15-lG ft. on the average which comes very 
much neaTer during the rains. The bad drainage condition is further responsible for the solentzic 
; characters of the soil type in question. 

The resuhs of analvsis of t}i<3 water extract of the soils from tlie profile described are given in 
Table Xlf. 

Table XTI 


Analysis of imter extract of Sandila soils {Tyjje 3) 


Depth 

Total 
soluble “ 
solids 

Water percentage of the ' 
total cations 

1 \ 

J.e. of anions 




Ca 

Mg 

Na-f-K 

COj 

HCO 3 

Cl 

SO 4 

0 in .— 2 ft 

0-0876 

H76-0 

fl 6-0 

7*6 

nil 

0-48 

0-35 

0-034 

2 ft.— 3 ft 

0-0544 

«75-5 

i76-5 

*17-0 

7-5 

nil 

0-30 

0-17 

0*052 

3 ft.— 4 , ft .,■■, 6 , 'in. :■ • , 

0*0688 

|16*6 

6-9 

nil 

0*40 

0*20 

0-140 

4 ft. 6 .in. — 5 ft. 3 in. . . . 1 

0*0688 

183-2 

fil -2 

5*7 

nil 

0-30 

0-26 

0-172 

5 ft. 3 in .— 6 ft ' 

1 

1 

0-1092 

J4-7 

,6-3 

9*0 

nil 

0-14 

0-25 

0-294 




STTOIBS'IH 0ANai§TlC ALI^'imUM Oi* ll.P. 


ilii” ps*r^*cu[ii^ 2 «‘ <4 fuuiiovaleut cvilicjjL's iulht’ v.riii uxliftrl iv- s!r*?iP aifd • fl’iiiiiMM 

oil? than im per ce!»! of ih^ inh|] iMlinih., The of •• -iojii 

lowi'i’ joal (‘iileiiihi luriils ^Jiajoi'ily (»[ |[e* (oth'iis jii p-'ioe* Thi‘ nf I diiiHH , 

eousi<f?j i)l (‘iiii)n<ie.s airi {>ietn'boi}Hi'o-. [•'it'iobiJueleH .oruuiiibit*} at ilii fup eiib i 
a'jsf'Dl, j h<* po’v'^efM'e ox sul[<Jiat'«‘s fuicl iji<*ir learhiiiji in ho^er foei^; pinrn 'i«j i*eMj \' la* h i- 

due to poor tlmiiia;ie ii). Hie pioiile, ' "■ ■.■■ 

riie^ above proiilCj altlioiigk shows evidence . of bad- drixiiiagej is ycf. not in a state ixi a.dviii,icf!d 
salinizatioii and the soil condition is coiiseqiieiith’' not eonsiderod fa be bad ei.oieJe. ‘Ihe ineitui. as 
has already been described, howe-ver, lies on an intrazonal soil r^pe r-nd a L'»rue pe^ntiitaeo ui‘ t!i«‘ 
kiid is gradiiallj tiirning into usar. The results of aiiaivsis of ihe' walci ^xifujUji a fypicai alkuliiic 
land found in the aim- are given ill Table XIIL ■ . 

Table XIIl 

Itesull qf water analysis qf a ' typical' usar prqJUe in type 3 '.area 


Depths . . 

Total 

water 

soluble 

solids 

Percentage of total 
cations 

A!w^ o,f anions ■ 

CJa j 

Mg 1 

Na-l-K 

GO. i 

HCO3. 

■ Ci 

«0, 

#i 

0 in. — 1 ft-. ■ . 

0-398 

8-2 - 

- 7*1 

■ 84*7 

0-64 

2-45 

0*17 

0-23 

8-6 

I in. — .2 ft. - . . . 

0*252 ^ 

23-2 

17*5 

■ 57*5 

0*42 

1*77 

0*07 

0-U4 

8-3 

2 ft.— 3 ft. 0 in. . .... 

0*150 

34*3 

25*0 

40*7 

0*20 

1-76 

0-06 

<C'J3 

8*2 

3 ft. a in,-— 5 ft. 4 in. . , ' . ' 

0*149 ; 

35-0 

15*0 

50*0 

0-32 

1*01- 

0-08 

0*02 

S-2 

5.tft. 4 in.— a ft. 10 ill. ' , 

0*096 i 

i 

34*7 

21*0 

44-0 

1 

l*0U 

0*1 i 

‘nil 

8*2 


A consideration of the above data elcs'irly shows the higl}, aikaline dunact-r of the soil The 
total watcT sului)les arc very liigli and so is i he pH nf 1 fje soil schition sf^eeiuHy al the .'•.iirfjiee. Mono ■ 
valent cations in the water extract are on the juanage inucii. ainive oi) per cent of tJie total water- 
soluble cations. Altlujugii bjcailuniatos fonn the {najoiity of the anions, the p^‘esence i)f carb'onates 
in sufficient quantities in tlie extract is sigiiiOcant. One of the most ej-! a ract eristic hmture is the 
aceuuinlatioii of total water soluble so]i*!s, sodium and potassinm, eariyiriates, li^-arbonates and 
sulphates in the surface layers, whereas the greatest amounts of alkaiiu(‘ earth laises are i, bund in 
the bottoni la 3 un*s of the profile. 

Table XTV" {amtaius tlie I'esulis oi‘ the a.calysis of flw cxciiangeable hmas in Lite type d ju'olile. 


Analysis qj] emhmigeatile bases of Sundila soHs {Type 3) 


Depths 

Total 
exchange- 
able bases 
m.c, per cent 

; As percentag <3 of total 

1 exchangeable bases 

i 

Ca. 

% 

! K 

1 

1 X,-, 

1 

0 in. — ^2 ft. . . . . ' . 

12*64 

1 65*27 

23'l(i 

" , 4*'i fi," 

1 

4*82 

2 ft.— 3 ft. . . . • 

14”o0“ 

67*24 

1 ' 30* L4 

2*63' 


3 ft. — 4 it. 6 in. . . . . * . » ... 

13-4J 

02*59 

31*62 

M2 

D67 

4 ft. 6 in. — 5 ft. 3 in. 

10*31 

e4-6(i 

.'ia-ss 

2*01 , 

nil 

6 ft. 3 in. — 6 ft. , . . • . . ' . * ' . 

8*73 

riS-:w 


B-S7| 

m 



Total excliaageable bases iu the first and second horizon have more or less the same value but 
tiic third horizon is slightly poorer in bases. The distribution of bases follows the distribution of 
oiay in the prolib. Of the bases, calcium forms the majority and this cation together with magnesium 
amounts to raoro than 90 per cent of the total exchangeable bases. The relative proportion of 
magnesium to calcium in the exchange complex is also low and nowhere in the profile the percentage 
of saturation with juaguesium becomes more than that with calcium. The magnesium content, 
however, increases with depth and, unlike the results obtained for the water extract in Table XIII, 
the content of calcium decreases. Sodium saturation is maximum at the surface layer and becomes 
almost negligible in the other succeeding layers. The behaviour of the exchange complex in respect 
of sodium is significant in view of the fact that this type of soil is reputed to possess poor drainage 
conditions. It appears that the surface two feet of the profile is being subjected to a slow but 
perceptible process of sodiumization as a result of sodium rich draiuage waters which remain standing 
on it for a considerable period during the monsoons. 

Discussion 

The meteorological data of the locality, the soils of which were surveyed in the present investiga- 
tion, point clearly to the conclusion that the climate would favour desert and semi-desert type of 
soil-formation. Rainfall deficiency and high summer temperatures are two of the most characteristic 
featnres of the locality. But the four months of the rainy season are particularly wet and this wet 
period follows an intense desiccation during the summer. These processes lead to a typical soil 
formation which differes fundamentally in many respects from the well known zonal types of the 
desert, semi-desert and arid parts of other countries. 

As in other alluvial soils of the proviuce, the first thing to be noticed about these soils is a very 
scanty horizon differentiation, but a textural profile can invariably be met with. A zone of lime 
accumulation is also found in one of the types described. Unlike other soils of the arid regions, the 
mechanical composition of the profile is not the same throughout. The top layer iu most cases is 
sandy and this is followed by a slightly heavier horizon of accumulation. Clay has been found to have 
eluviated to lower layers resulting in slight induration and cementation of the horizon of illuviation. 
The bottommost layers again come out to be sandy. These facts show that the rainfall of the locality 
although scanty can noverbhcloss permit slight eluviabion of colloidal matter into the lower layers 
leaving on the surface a highly silicious skeleton. tSimilar observations were made for the inorpho- 
Cnao soils described in Part I of this series [' 1916 ]. Nikiforoff [ 1937 ], in the course of 
the study of the morphology of soils in the Mojave desert in the United States as well noted one of 
the principal zonal characberistics of southern desert soils to be the presence of a reddish-brown clay 
lapr in the lower part of the solum, bub .suggested, iu view of the scanty rainfall, that this clay layer 
migiib be formed wj sUu by hydrolytic decomposition and not through a process of eluviation. In 
the cejibral Unite 1 Provinces, however, the ameuat of rainfall received is much more than what is 
reeordirl for Mojave desert and it seems doubtful if the above suggestion of Nikiforoff would hold 
good for this region. 

A closer examination of the chemical composition of the soils reveals that chemical weathering 
oi the soil complex is not well pronounced, since the distribution of silica and sesquioxides 
follow m most eisas the disbribubion of clay in the soil profile. The topmost layer is more silicious 
IU caaraoter and tho content of this ingredient falls again in the B-horizon. Of the sesquioxides, 
iron seems to be mire mobile than alumina and this fact suggests that the clay is more allitic, iron 
b omg present m )sbly in an unoombined form in the silicate complex. However, a detailed analysis 
ot the separated clay portion which is proposed to be taken up in these laboratories at a later date,' 
would throw more light on these factors. Lime has been washed down in all the three cases, but in 
t.ie case^of type 1 there has been an accumulation of lime in lower layers in the form of big calcium 
caroonabe nodules, ^e behaviour of magnesia is inberestiag, since in all the three cases^ studied, 
lbs leaofoug has been found to bo highly prononuced. The quantities of aoid-solubie lime in all lavors 
of the three types, except the last three layers of type 1 S'oil, have been found to be small in comparison 
with aoid-soluble magnesia. Bigmond [ 1933 ] pointed out that in calcareous soils lime is leached 
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out oil u larger scale t-liaii maguesiu and f-lial iiuigucsia ueeuiniilates at I lie etj.d of liiiH . flul't J j 
furtlier states tliat in tlie case of brown soils sokHlizatioii pit^ceos favouis tbe rehM>t^ ol fnactevNiino. 
It seems that in the soils described in the pres«mt paper, ther<‘ lias been a ;jrenter if‘acliinc 'sbi* jirm 
as compared with inagnesiuoi due to the calcareous nature uF the parent maOuial and that with the 
start ot the pr^xtess oi solodizatioii Jiiagiiesiuni Icaiehing has fuj'ther bccuine pr«aniiieiii , I'lie tlala on 
analysis of the water extract of the three soil typtcs lend furtlier suppoit. to camelusioiiio 

The results of analysis of the water. extract clearly show- that, the soil sohiliou is licixer iu iiiauiie" 
siuiii than in calcium,. This suggests, as has already been pointed out. that failciuiii leaihiim iiad 
been ill progress in the past and now the process of the lulease f»f niagiawiuiii i'-i iiuicli in « \hieii<*e. 
According to Jo.ffe [ 1936 ]j this is an indication of the start of the process oi' soiorliKalion in I cnsi.* 
'of soils of the semi-arid regions. The total content of the monovalenr 'oa;o> in i hs^ \\aO‘r n:Jract 
fairly high and on this account one would expect high stxliiim saturaiion in tic- comph x 

as iv^elL However, the sodiiiin saturation in the exchuiige compkx ints not bocn lomnl lo ot‘ high, 
being on the average below 12 per cent of the total exchangeable bases. If is in llii.-^ important 
respect that these soils differ inaterially from the soils of the adjoitiing district of I'nao [ 1916 ]. 
Moreover, the exchange complex shows unusual richness in inagiiesimn (Mlion and llm dcgrc'c of 
saturation with this base increases with the depth of the profile. TJie degree of saturation with sodiimi 
cation also, in gencmal, increases with the depth of the profile except in tlie case of soils belojiglng to 
type 3. It can be construed from these data that the process of solodization goes iiand in hand with 
the process of the increase in the magnesium content of the exchange coinpl^xx. it may lx* signhlcant 
to note that these two bases, viz. niagnesiiiiii and sodium, are not conshlered to be very dt.^sirable for 
the fertility of the land. In this connection it may be mentioned that Hissiiik [ 1938 ] noted magiK3- 
sian character of the exchange complex of Dutch saline soils. He fmtlicr showeii that as the 
weathering in those soils increased exchangeable calcium was gradually replaced by exchangeable 
magnesium. 

Bummabv 

Soil survey of tahsU Sandila in the Hardui district of the central United. Prucinrrh. uas (^mahici esl 
on iiiodern pedological principles. 

Three soils types (called type Ij type 2 and type 3) have been recogiiizc.'d and I la*ir luorpbolugicaL 
chemical and other data have been presented and discussed. A regional map showing iim distrilm- 
tioE of these soil types has been prepared. 
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mii FAnmcT ok manuring and ^ cropping on the verticaiv 

liiBTRlBUTlOX OK CARBONATES. IN PUSA CALCAREOUS SOILS 


r»y Das. M.Sca (Val, akj> Alld.),, U.Sc.(Al:ld.), Assistant Agricultural (Jlicmist, Imperial 

Agiicultoal Eesearcli Institute, New Dellii 


(Bcceived for publication on .1 August 1944) 


r ilE soil in tlio ludo-Garigetic alluvium around Pusa is highly calcareous containing 40 to 50 per 
cent of chalk an<] is a rare type occurring in India. Because of its rare occurrence both here as 
wc.il as in other countries, little work seems to have been done with regard to the distribution of 
ca rb(.)nates in dillerent layers of such a soil. The only work of importance is that of McMiller [ 1926 ], 
wiio reports the concentration of carbonates in two Minnesota soil types. At depths varying from 
1:1 to 27 in. below the surface, he found zones of pronounced carbonate accumulation, in which lime 
coucretions wei*e tliickly distributed and the carbonate content ranged from 25*3 to 45*5 per cent, 
iii the unaltered material below it varied from 7*7 to 22*7 per cent. The role of chalk in the Iiido- 
Gangetic calcareous soil at Pusa was studied by the author [ Das, 1931 ], but no data are available 
^vith rega-rd to its distribution in different layexs of the soil and the effect of manuring and cropping 
on it. The present investigation was undertaken to obtain information on this aspect. 

Exfekimental 

A sorio.s of nine permanent mauiirial plots, 20 ft. by 25 ft. each, was laid out in 1920 in the Pot 
Gulture ll'oiise Area of the (Jlieinical Section at the old site of the Imperial Agricultural Eesearcii 
Institute at Pusa. Manures were applied to the plots once every year just before the monsoon. In 
tliese plots /Vf/i (Ekimne comcana) was raised as the Mar?/ (siuiiiner) crop followed by either wheat 
or oats as the raid (wintv.r) crop. Before the date of collecting soil borings in October, 1933, 
wa-s raistMl, in these pbjts for 14 seasons, and wheat and oats fur 2 and 11 seasons respectively. 
Nitrogen, pliospliatc and potash were applied singly or in combination as ammonium sulphate, 
suporpliospliate, a!id potassium sulphate respectively. In one of tlie plots mustard cake was applied. 
Tlueo inches soil borings up to a depth of live feet were taken in October, 1933, from the above nine 
plots iuid also a fallow plot lying adjacent to them. Five representative spots were selected in each > 
plot an<l 3“in. borings taken from each of them were composited for the purpose of analysis in this 
iin'cstigation. 

hi iliese soil samples calcium carbonate was determiue<l by a simple method developed by the 
author [ Das, ilGl ]. For easy reference it may be stated here, 

Idle method consists in Inhling for live minutes or agitating at intervals for half an liour at room 
lemperaliire. a known ^yeight of soil with a measured quantity of halLuormuI hydrochloric acid solu- 
tion, in slight excess of 4 to 5 c.c. and 50 c.c. of water, in a 500 e.c. conical flask and then titrating 
back the excess aci<i with decinormal caustic soda solution using phenolplithalein as indicator. The 
end point is \'ei 7 sharp and the titre figures are quite reproducible. One c.c. of N/2 HCl corresponds 
to 0*025 gm. of CaCO.>. The excess acid used in the process is diluted in the presence of 50 c.c. of 
water to about N/2r) strength which is too dilute to Jiavc any appreciable secondary reactions with 
the soil complex, orga.nic matter or soil bases. The close agreement obtained between the results of 
this process and those given by the standard gravimetric method in a large number of typical Indian 
soils reported in the paper cited lends support to the above contention. Therefore, the method has 
proved to be of suflicient accuracy to warrant its emplojanent in routine soil analysis when a large 
numb(3r of .samples liu\'C to be cjuickly tested. 

For the .sake of coiiiimisou all the oarbouates in the soil are e:^)ressed in terms of OaCU., in Table 
I, although some of them may be attributed to MgCO,,. 


(With three text-iigures) 
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!n Of (let to form an approximate idea of the distribution of CafJOjj at (lifferent depths, the per 
cent average CaCO^ per foot is stated in Table IL The average yields of nn/i, wheat and oats raised 
in the plots before the soil boring was taken are given in Table IIL 

■ Table II ■■ 


The per card average CaCO^ per foot of the fallow plot and the permanent mammal plots in Pusa 

calcareous soil 


JN*r {‘enf uYf.>rncrc 
(‘aCOji pi*!' louj, 

Plot Xo. 

1 

2 

8 

4 

5 

6 

7 

8 

9 

Tallow 

l>lot 

Xo 

manure 

Mustard 

Cake 

xd-r+K 

H+P 

X-l-K 

T + K 


E ■- 

■ ■ ■ ■ 1 

,K ' ■■ 

3rft . . , 1 

I 

.‘17-01 

85-38 

. ;85-38 ■ 1 

35-54 1 

36-80 

36-42' ' 1 

36-60 

37-27: 

36-60 

36-21 

SiMi „ ' . ■ . 

87-17 

35-37 

35-65 

87-08 

30-77 

40-07 

3()-4]. ^ 

41-02 ^ 

41-71 

39-59 

3rd ,, , . ; ■ . 

; 

40-01 

.87-08 

38-84 

41-63 

' 45-68 

, 44-88 , 

4G-4S 

46-20 

' 42-73 

4tii „ , . ■ , . 

80-88 

41-05 

30-06 

4M2 

34-.33 

35*06 

37*51 

i , 38-25 

1 36-04 

34-97 

mh . 


43-88 

•13-41 

42-83 

44-80 

45-69 

46-85 

46-09 

45-70 , 

;■ ''45-29'. 


Table III 


Average grain yields in Ih, of ragi (Eleiisine coracana), and oats of the permanent mummal plots 

in Pusa calcareous soil 


rCind 

Plot Xo. 1 

1 


3 

4 

5 

6 

7 „ 

"',8 " 

'-,' 9. 

of 

grahi 

Years averaged 

No 

Manure 

Mustard 

cake 

X-f PEE 

K + P 

N-i-K 

PEE 

3^' 

P 

K 

JRagi 

i 14 : 1920 to 1933 

3-94 

16-47 

16-61 

15-92 

14-39 

8-07 

11-51 

6-18 

3-93,: 

Wheat . 

2 : 1922-23 to 192.3-24 

4-38 

6-06 

6-38 

6-09 

7*68 

7-63 

'"'5-91 

5-56 

4-88 

Oats 

11 : 1920-21 to 1923-,3.3, 
except above two 
years. 

7-95 

14-37 

13-22 

' 11-96 

. 10-42 

11-02 

8-10 

8-93 

6-95 


From Table II it is seen that in the six plots numbering 4 to 9 there are two zones of maximum 
carbonate concentration at third and fifth foot with an intermediate zone of minimum carbonate 
concentration at the fourth foot. . Such distribution of carbonate is apparently absent in the re- 
maining four plots. In them a gradually increasing concentration of carbonate seems to occur 
from the surface downward. Here the intermediate layer of minimum carbonate concentration is 
masked while taking the average carbonate content per foot. On a closer examination, however, of 
the individual data of carbonate concentration at different depths in Table I, similar zones are found 
to be the characteristics of all the cropped plots. The fallow plot, on the other hand, forms an 
exception where a gradual rise in carbonate concentration occurs from the surface downward with of 
course very insignificant fluctuations in the 2nd to 6th, and 13th and 14th layers which are within 
experimental errors. This plot was never cultivated nor manured and so represents the undisturl 3 ed 
soil. 

In Table I the zones of carbonate concentration are classified into four broad divisions in all the 
permanent maniirial plots; such as : (1) low, (2) medium, (3) maximum, and (4) minimum. There 
are two zones of maximum carbonate concentration with one of minimum concentration lying 
betw^een them in every cropped and manured plot including the no-manure plot. Above them 
there are two zones of low and medium carbonate concentrations. The first three plots numbering 


^ y ivF'FKrT f>:F raX'/Lsr rrj.fv^ - '-hii.- 1/ 

I i.u 3 IsH\T iii<*ir zuisfb of loimiiHiin oarboiuite euiu'eritrati^^^^^^^ at tb<* Ibiii i.j\«i iioiri lb In 
1 liCHP lliiee plots inav thus be placet! in raie proup ff>r c-f)?nparisfai. <tr thi‘r.e. huuvvfa-, flee I wo 
niaiiure<l plots. 2 ant! -H. Ixbiave .siniilarly aiel havi* all Zf>n‘‘‘S of f'at O.^ ooncetif faf nai al)so]ufeiy 
i(y‘nt.ical. wliereas tbe no-inanure plot 1 has tlie uppo’ thret> zoia^s liHaUe*! .sli^jhllv bilfermtly. altiiough 
the Io\v<n* two zojies are identical with those of the other fwo |>lors. Ihnico the nooiianno' plot has 
been i])c]!Hie(i in tins giY)]q) with this r(^se^n*atioll. 

In the remaining six plots nnini)ei‘ing 4 to 9 flte area of inininnini thbtt; (‘ofu-entration exteiuls 
from i) to 12 inches. Of these, tlic f)lo1s iinnibering i and 9 lane an ao‘a of 12 inc'hes each from 12th 
to 15th layer's, and tin* rest. 9 inches (‘ach from KftJi to 15th layers. These plots thns differ from the 
previous gronp <d‘ thoM* plots nnini>ering 1 to 3 in having wider areas of minimum (arrhonatc' <'<vh~ 
c'entration with c‘onsi<ieral)le shifling of ihre<‘ n]>per zoia s exc-ept tln^ lowest maximum OaOC)., zone 
wdiich (‘xtends from the Ibth to 2f)tli layer in all the six plots. llH\se may. therefore. l>e pla(*ecl it! a 
separate group. 

That this classilieation of thc‘ nitte eropped plots into twT> groups, namely. (1) the ])lots numbmhtg 
I to and (]]) those rpimbering 1 to 9, is justitied l>y the experinamtal e\'idenc‘e detailcnl in Table; I, 
will ]>e (dtvious on furtlier sertif inizing the similarity of minimum and maximum (hOO.. values of 
the soil horizons in the two groups of plots as set fhrth ill Table 1\5 

. TABLEhV 

p/’ va/aon/oa //a/./'5/oynbCa( '0j^ ro?//cs o/T//e //re///w e/'p5>fe 


Plat No. 


Per eent CafJOa in S in. 
soil Is vers 


Miiiiittimi Alaximuin 


Average 


, Average 


From Table IV it is seen that the two groups of plots luirnbering 1 U) 3 and 4 to 9 are quite 
distinct in behaviour with respect to their individual minimum and maximum CafOj. values. As 
for example, these values vary between 35-1 and 45*6 in group I and 31 and 47*2 in group II on the 
average, wdiereas they vary between 3(r4 and 43*7 in tlie fallow plot which shows no similarity with 
either of the above two groups of the treated plots. 

In the same way, the zonal distribution of CaC’Oo shown in Table J clearly indicates Ihe distinct 
behaviour of these two groups of jilots, both of winch stand on a footing quite different from the 
fallow plot. In the latter, the ChCO^j content gradually rises from the surface downwards with very 
insignificant variations here and there which are quite unlike its pronoiinc'ec! fluctuations in all the 
other plots. 

This phenomenon singles out the fallow’- plot from all the rest where the unequal vertical dis- 
tribution of CaCO^ resulting from the differential action of manuring and cropping over a number of 
years is quite remarkable. On the other hand, this gradually rising CaCOs eoncentration with 



THE JOTJBKAE OF. AGEvXCtTETCTAL SCTENT'I: 


fi flM' fjiiluiv ftlotJiBS vl^I:TaalI,y 
izej's. ej:o|')|uijg and other, ciiltuml 
erefore, represents the original 
t \rliere the iiiiie other\p 
Si lire tiien 

‘er Ix^loro diflerent depth sair 
UthooMii tho <.)riginal profile chaim^te 
L'lndiag the fallow plot in their sevTnil 
.same id th20 the year of initiating' * 
y tiroiigii't about during the' following ■ 
te<l |;)has lay the unequal movement «a 
£ aidl other eultural operations, 
rom io 48 per cent in tlmm . 
egular rise anci fall in its eoncciitration 
marily the proportion of Caf 'O 


re.roaiiied almost intact, being not 
operations as in the case of tin 
irotile ehiira,cteristic of tliis .fallow^^ 
:'S ^s'cre initially laid out for p< 3 ri:n 
27 -cTOps (Table Til) were. raised for 14 3 .mars in 
iiples were (‘ollected fir:>Di tl:ieiini.n 1,9; 

: as- well as the ;iri(nj}n':},i:ii 
sfiil .li.o.rizons ,niigl,i't be co, 
t.he mail uri al ex'pe.i:’imeii-t;^ 
years, in the soil texlviire > 
I CaCO, due to the diifoi 
. ' As -a result, the proportion of 
as a, gainst 37 to 44 per 'cent in th 
in different .Iiorizoiis a,;s sIio" 

. X ^ - - hr^^diich preponcfo^^ 

aliects the fluctuations of soil texture in different soil horizons, as will 
(Table VI), irrespective of the feel that the proportion of the ultimate soil 
01 that, the un^clianical coinposition of di&rent soil horizons may renia 
when calculafed ofi the soil residues left after the elimination or dcstriic 
the pioportion of ultimate soil particles is not liable to such irregular f 
fleeting sub.sia.nce like (JaCO^ due to the action of niaiiuring and. cropping, 
almost at the same ievhl in ttie control (fallow) and the treated plots, 
status and not tlie proportion of ultimate soil nartielew i.c; r\vUYi‘:'vrA]xr v 





eittfctecJ ilitMJistiMliiitioii oi tatOji iii'diflereiit Oil tJie otliiii: luiiKf, tin* lalltnv' ,s!iows an 

mcreaHJiig concent ml ioii with deptln ThK a true picture of llt «5 curboiiule status of 

the sml in Siiu which luus not been dmlurlxul by any external agiuicie.s, ,suc]t uh (uiitivalhjiy nuiimring 
or chopping. Mere the Holiiliility cn i is the Ica-l and llierelore the \ariu1iMii !ii coE** 

iauitridhui at diherenl depths m at a ininintinjL fxleuit' of the .^olnbilitv erihi'l hi I lie vairkniB 

plotH is graphicaliy shown in Fig. I. ■ 




tlie concentration of CaCOs at different depfciiM of tlio fallow and tlic* permanent maniirial plots in 

Pusa calcarioiis soils 


Taking the average of all the depths, it is seen in the last row of Talrle [ that tlie mean percentages 
of CaC 03 per depth of three indies are fairly constant in the different plots. Slight variations noticed 
are not significant at all and are obviously due to tin? ac{uinndated expeihnentai errors involved in 
20 estimations in each case and also to the variation in the specific gravities t>iMinbrci)t soil Imrizons. 
for which no allowance has been made, [t may, therefore, he concluded that tlie total content 

of the soil up to a depth of five feet remains practically steady. It does not a.ppreciably leach beyond 
five feet, but distributes itself in a characteristic way from layer to layer within this depth due to its 
differential solubility according as several fertilizer salts are applied singly or in combination and 
produce thereby varying crop yields in different plots. 


Piftf 




50. a,. -^0 30 40 50 , 6 . m ■ 20 m 4 so § fil .ai m: m 

rer tent Jba ^ _ .... 


18 


rne ISDIAN .TOURNAt of AfiP.It 'T'tTlTRAl. SCIENOR 


llegiii'diiiw i ho (.•nrir-eiiH-atioH of (M-X);, at (liiVerent (leptlis of the \>-arious plots, it is noticed that 
there are two maxima iiud oue minimum in every manured and cropped plot including also the no- 
tnanure plot with cropping, hut none in the fallow plot wliicdi shows a continuously rising gradation 
of C'aCO;, indicating the ahsmicc of factors operating in the other plots. Plots numbering 1 to 3 and 
4 to 9 form two dislinct group.^ in their having chanicterist ic zones of carbonate concentration with 
definite pcjsition.s of their own. This i.s clearly demonstrated in Fig. 2. The data of plots {!) and 
(3), as well as (fi) and (9) projliice two distinct groups of graph.s with characteristic maxima and 
minima. .\.s the graphs from the rest of tlte plots fall into either of tlie.se groups, they are not re- 
produced ill that figure to avoid overcrowding. 


«42 

o 

«( 40 
08 


■ <? 

/V‘ 


\ I 

; < .A, 

i i ' ■ 

1:4 


» /! 


® .©• 


Fallow 
U) No manure 
(3)N+P+K 
{6)P+K 
(9)K 


12 3 4 5 6 7 fi 9 ro II i2 13 14 15 le 17 18 19 20 
Djesih 


Fia. 2. Tho coixcentotion of GaOOg at diffoTent depths of the two proiips of the permanent manurial plots in 

Pusa calcareous soil 

When these two groups of graphs are compared with the. curve of the fallow plot, the 
pronounced effect of manuring and cropping on the movement of CaCO., in calcareous soils is made 
evident. Of course, the no-manure plot 1 shows only the effect of cropping on the vertical distribu- 
tion of CaCOg. 

No lime or chalk concretions were encountered in any layer of the plots, while taking the soil 
borings. Chalk concretions are however formed as a perennial product in the bed of the river Gandak 
which flows by and surrounds the Pusa Estate almost on three sides. A sample of such concretions 
collected from the river bed gave the composition shown in Table V. 


Table y 

Thv. rhtmka l eo Uected fm m the bed of I hr nWe thunhk ,tt P,m 


Con«tifcnent 3 


Losk on ignition . 

Njlicii. aiifl hiMoInbio mat tor 
.Perfin oxldo 
Alumina 
tlimo 
jVIagneHia* 

Pofeanh ■. ■■ . , :' 

Soda . 
h'lilpbate, SO3 
Pfiow|>iial(',% lA.Og 

< ?firl)on dioxidi’ 


rndoft-rifiined 


■' E<juiv(<k‘nt» tJat.'Oo 
I- Cal(;ula,tei:i ( ViCt.) ^ 


'X'OTAl*^' 


Per 

0i5<j 

37*;! I 
3*11 
:m:i 

3*M 

*1*80 

0*!e8 

0*33 

xa 

0*07 

09*40 

0*00 

lOO'OO 

02*83 V 
o2*7S 


i t IS seen irorn lable V that practically the whole of the carbonate present occurs iirthTfe^m 
ol U(.0, and constitutes about 53 per cent of the chalk concretions. The maximum alou£ of 

! " '^;V‘"rr”fr? was about 48 per cent in the Pusa calcareo™ S “thi, 

a. rlcjith oHu t feet w JiicIa is only , a per cent lower than the CaCO^ content of chalk concretions Its 
concentration may be higher oi the still deeper soil layers. • niicrerions. its 

The colour oi the diflerent layers of soil is grey and cloe.s not exliibit anv marked difference with 
varymg carbonate concentration, inivca luiuienct witn 

The mecliamcal composition or rather the proportion of ultimate soil particle.s in the different 
soil horizons being^ not liable to much fluctuation due to manuring and croppiim as the fleS 
substance like CaCO.,, the changes m the soil texture will primarily depend upo^i the propoition of 

cotSt ofirsiirs rvStrr 

by the method ot Briggs and MoLane [1910], The rniistare e/uivlnfis Sarilv hteaThe 
the means .ff an mdirect measurement of soil texture or mechanical analysis ' 

_ Out often plots which were examined for carbonate content, only two plots immberino 4 on.l 0 

which were inanured mth N+P and K respectively, were chosen for the ileteianinat im f moistoe 
equivalent. The results are set forth in Table VI. mwiioii 01 moistuie 

Table VI 

The rdationship between the mmstuee equhdent^ differM soil layers of Pusa erdeareons soils and their 

wnnna mlcium cmhonM *i ■■ 





Depth in 
indies 

Plot ISTo. 4~ ¥+P ' 

Plot No. 9. K 


3-inch soil sections 


CaOOa 
per cent 

Moisture 
equivalent 
per cent 

CaCOg 
per cent 

Moisture 
equivalent 
per cent 

2 ... . : , ■ A: ■ ' . 

3 . . . ■ , . - , ' 

4 ...... 

5 

a 

0—3 

3—6 

6—9 

9— J2 

12—15 

15—18 

35*65 

35*68 

36*00 

35*85 

36*93 

36*73 

1,4*25 

15*00 

1.4*73 

15*93 

16*33 

16*28 

.35-65 

35- 93 

36- 75 
•36*50 
36-00 

38-43 

_ . I 

16-08 

16-17 

18- 33 

19- 42 

18-68 

8 00 

m , 
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Table VI — contd. 
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j 1926 I while exaiiiiiiiiig two i\Jiiuiesoki; ealcareoiis soil types. The i-eLitiofi In lie* fue.riii hs.^.umv 
mm he better noticed in Fig. 8, ^\here tlie percentages of CaC’O.^and nioisfiire ei|iiivaif‘iil of fliflereiif 
soil hn'ers are plotted against the CTirrespondingolepths.^ 

It i>s seen that the curves of CaCO.^ and moisture equivalent for ealcarcous soils of Hie two plots 
rmi almost parallel, showing a fairlj" direct relationship between the two. That i.- io saw tie- propor- 
tion of CiiC^O.y regulates the texture of difTerent soil horizons as typified by tlieii' moisture e«|ijivahait. 
Lower moisture e(|uivalenf will generally mean coarser texture and iNTier permeabiliiy, Tliere- 
J(U*<% muler natural soil proc-esscs greater haicliing out of (■aL*0.j and e/mse»picnt hover euiPtuPs of 
iiiiie in t liose layers would be expe<*ted. This is what has actualiy Ciken [?lae«^ in pints 1 and U in 
to 18 inches ami 38 to 45 indies layens respectively wliieh have the lowest range nfCai’t t.j and moisture 
e(.|uiva]ents. The fact tfmt the intax^asing amount of Ca(X);^ in a calcareous soil bcynml a emiain 
limit acts as an inert substance like sand and licdps in the mechanieal opening of th»- snil, thereby 
improving its physical texture with the coiK^oinitan it.s moistmedmlding rapacity was 

demonstrated ]y tlm author haig ago [ Das, 1931], 

Imadentally, the dfcct of tnamiring and cropping on the soil reaction was st udi«ML idvr |H‘r 
manetit manurial })lots ami the adjoining fellow plot were included in tiiis study, Th<‘ results are 
given in the Table VIl. 

Table VIl 


Tke ejjed oj manuring and cropping on the rmclion {pZ() of Fma eulmreom soils 



3'incb 

soil 

sections 


! Doptli 
in 

inches 

1 Fallow 
plot 

Plot 1 
No-inaiiure 

Plot 2 
Mnstaivl 
Cake 

Plot 7 

N 

Plot 8 
'P 

Plot 9 

K 


pH 


pH 

1 pH 

1 

pB 

pB. 

1 



OS 

7-83 

7*80 

7*84 

7*83 

7*74 

■ ' 7*90 

2 



3—6 

7-85 

7*87 

7*86 

7*76 

. 7*78 

7*90 

a 



6—9 

7*91 

7*90 

7*91 

7*91 

7*77 

■'.'7*95 

4 



9—12 

8*00 

7*92 

7*91 

7*89 

7*92 

■ "mo 

r> 



12—15 

8*00 

7*97 

7*94 

7'93 

7*95 

8*00 

6 



15—18 

8*01 

7*95 

7*94 

7*84 

7*87 

7*90 

7 



18—21 

7*98 

8*00 

7*95 

7*90 

Y*97 

7*96. 

S 



21—24 

7*94 

7*97 

' 8*00 ! 

7*90 

7*91 

1 ■ ■ 7*99 

9 



24—27 

7*84 

7*95 

i . ■ 7*96 I 

7*86 

7*90 

I ' '■ Y-as 

10 



27—30 

7*95 

7*95 

7*96 1 

7*83 

7*91 

! 7*99 

ll 



30—33 

7*95 

7*93 

7*99 i 

7*86 

; 7*90 

7*89 

12 



33—36 

1 7*92 

7*87 

7*97 j 

' 7*91 

7*91 ■ 

- 7*95 

13 



36r-39 

7*85 

7*vS7 

7*94 

7*84 

7*91 

7*84 

14 



39—42 

7*82 

7*92 

■ 7*93 

7*78 

7*90 

7*80 

15 



42—45 

7*86 

7*93 

7*93 i 

7*83 

7*74 

■7*83 

J6 



4o— 48 

7*93 

7*92 

7*93 1 

7*76 

7*72 

.7*93 

17 



48—51 

7*90 

7*99 1 

7*92 

7*87 

7'*80 

7*95 

18 



51—54 

J*85 

7*98 1 

7*94 

7*90' 

7*84 

7*92 

19 



54—57 

7*89 , 

7*95 ! 

7*95 

■ 7*86 

7*86 

7*95 

20 



57—60 

7*92 

7*91 

8*00 

7*89 

' 7*97 

7*91) 


From Table VII it is evident that there is no appreciable diSerence in pH at the various depths 
of the differently-treated plots. It shows that the high proportion of CaCO^j preponderates over all 
other soil constituents and rules the reaction of calcareous soils. It does not permit any vuriation 
of the reaction in spite of continuous manuring and cropping every year. 

StIMMAEY 

Three inches soil borings up to a depth of five feet were taken of nine permanent inaniirial plots 
and an adjacent fallow plot in Piisa calcareous soils. The concentration of CaOO:.j of these 
different soil layers was determined by a simple method developed by the author [ Das, 1944 J. 
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Ir liH8 Ihmei fouml that there are two zones of co]i(;<uiti;ati()ji wii h onr of 

inininium concGiitration lying between them in every manured and cropped plot, including also tin* 
no-manure plot. Above them there are two more zones of low and medium carhona.to concmiirations. 

The fellow plot forms an exception where a gradual rise in carbonate concerrtractiou ocmirs from' 
the surface downward. This plot was never cultivated nor manured. 

The differential eflect of fertilizer salts as well as cropping on the niovumejit of ( in tln‘ 
ditlerently-manurexl plots has been discussed. 

rh(». total content of CaCOg of these calcareous soils up to a deptli of five ftect icmains praci inaily 
constant. It does not leach beyond five feet, but distributes itself in a charac'kuisf-if' wnv fVum 
layer to layer within this depth due to its solubility according as diifereut ferl-ilizcr .salts an-’ aj){>li(al 
singly or in coinbination and produce varying erop yields in different ph.if-s. 

The colour of the different soil layers is grey and does not show any marked diffeuvime \\iMi 

varyiiig carbonate concentration, 

^ There is a fairly direct proportionality between the carbonate content and the soil t(,‘xf urt^, as 
typified by moisture equivalent. 

The reaction {pR) of calcareous soils is unaffected by manuriiig and cropping owing to their 
dominant CaCO.j content. 
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THE BIOLOGICAL DECOMPOSITION OP GRREN MANURES 

III. THE CHEMICAL CHARACTER OF HUMUS IN COMPOST HEAPS 
By J. (}. Shrikhanuk,* Tea Researcli Institute of Ceylon, Talawakelle 
(Eaodyed for publication 011 10 July 1945) 

T he chemistry of hiimiis has been the subject of attack for the last 150 years. The nature of tlie 
organic residues and the conditions under which they decompose chiefly influence the chemical 
nature of himnis. 

Several attempts were made since 1880 to syntheske humus but without success. These attempts 
have been reviewed by Waksman [1926], Deherain [1888] was the first to indicate that humus may 
be a mixture of lignin and protein. This idea coupled with other observations, viz. (i) interaction of 
tannin-phenolic bodies like lignin with protein leading to the formation of ' humic bodies ' [Moeller, 
1916], and (ii) the average chemical composition of organic matter of soils [Waksman, 1929 and Waks- 
man and Htevens, 1960], 78 per cent of whi(.fli accounted for the tvro constituents like lignin and |)i;otein, 
led to tiie successful solution of this imj)ortant problem, almost simultaneously but independently 
by Hobson and Page [1952] and Waksman and Iyer [1933], Although these wvirkers have estal)iLshed 
the constituents of synthetic humus tliey have not been able to show the proportion in wliicli. the two 
important constituents are linked together in natural or synthetic humus. The w-^ork described here 
reveals the proportion in which the lignin and the protein are present in liumus by working directly 
with composts. 

Degree of hiiniification by hydrogen peroxide, though a crude measure, is still a useful guide 
to the amount of liumification botli in composts and soils in the absence of any quick and suitable 
method. Carbon and nitrogen ratios of the raw material and finislied composts are no doubt most 
reliable but this determination is expensive and takes time and hence is not quite suitable for 
routine application. So far no comparative study of the two methods appears to have been made 
chiefly in respect of organic matter in compovsts. 

If hydrogen peroxide removes all the humified organic matter and if humus is a ligno-protein 
complex as suggested by the above workers then almost all the lignin of the humic fraction should be 
removed during oxidation with peroxide. That a certain fraction of protein in the soil organic matter 
resists the action of peroxide beyond a certain strength is known from the work of McLean [1931]. 
Whether such a thing occurs in a compost is yet to be studied. It was therefore decided to conduct 
lignin and nitrogen determinations of the peroxide-treated compost in addition to the carbon and 
nitrogen ratios as on the untreated ones. These observations will give a comparison between the 
C : N ratios of the ligno-protein complex and the degree of humification. A study of the C : N ratio 
of the fresh material and compost and also of the oxidized material and the degree of humification 
may give an approximate estimate of loss of organic matter in a compost heap during fermentation 
for which there is no satisfactory method available at the moment. The C : N ratio and the lignin 
content of the residue after peroxide extraction will thrown some light on the nature of the resistant 
material. If the lignin content be appreciable with a wdde G : N ratio the residual material may 
resist further decomposition unless some available nitrogen and carbohydrates may be added for the 
requirements of the raicroflora. 

Experimbktau methods 

All the composts analysed in this paper were manufactured on the various Ceylon tea estates. 
They were dried at 100 °C. powdered and sieved through a 64-mesh sieve for all the following analytical 
determinations : 

( 1 ) Lignin, This was determined on the hydrolysed product with 5 per cent H 2 SO 4 for one hour 
as recommended by Norman and Jenkins [1934]. The hydrolysed product was then treated over- 
night with cold 72 per cent sulphuric acid. Volume was then made up to 800 c.c. with water and 
this was boiled for two hours. 

^ Present address : Imperial Institute of Sugar Technology, Oawnpore. 

■ ’ ^ 25 ' 
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(2) Extraction with peroxide. The method employed was described by Shrikhande f ] 9331 Tbe 

strength of peroxide used was 3 per cent. k “ 

(3) Extracliou with water. ' Two grams of the material were extracted with the same volume of 

Abater and for the same length of tune as with peroxide. 

(4) Total nitrogen. Was determined by the usual Kjeldahl method 

{&) Organic carbon. Was estimated by the Robinson, McLean and Rice William method FI 9^91 
(6) Water and peroxide soluble emisMuents. These were determined by evaporating to dryneis 

tlie extracts on a water bath. x 

Eesults AKD Discussion 
2. Carbon mid nitrogen ratios of composts 

_ These ratios are presented in Table lA. All the composts e.xamined have on aS averaoe a stmrlnrrl 
ratio of 12 ;1 with the exception of the Gona Adika. The variation in the C and N valuiS of different 
composts is apparently due to the difference in the nature of fermentable materials used on different 

vSuavCB. 


Table I 


Carbon: mfrogen ratios of composts, of their residues on peroxide treatment and of the peroxide soluble 

fractimi ^ 

s (Results expressed on 100 gm. of original com post ) 


Compost 


Galha 
Ensaiwatte 
Beaumont . 

Bye . 

Gona Adika 
Lethenty . 
Iietlienty'(dry compost) 
East Holy . 
Tanagakelle 
Wikiliya S24*2 
„ S39-7 

„ S39-9 

f„ S39-23 
,, S40*l 

PoonagaUa A 
,, B 
Mahagastote 9 
« 11 
« . 12 


N ratios of 
composts 


c 

N 

c/n 

. 20*00 

1*46 

13*7 

10*84 

0*93 

11*6 

9*66 

0*63 

15*3 

18*12 

1*07 

16*9 

32*68 

4*42 

7*4 

14*70 

1*09 

13*5 

26*64 

1*75 

14*9 

12*47 

0*98 

12*7 

12*50 

1*04 

12*0 

19*69 

1*75 

11*2 

20*94 

1*26 

15*8 

25*24 

1*62 

15*5 

17*67 

1*16 

15*2 

12*02 

1*12 

11*5 

13*81 

0*94 

14*7 

16*93 

1*35 

12*5 

20*34 

1*58 

12*8 

23*91 

1*50 

15*9 

31*79 

1*91 

16*6 1 


C ; N ratios of 
residues 
B 


C 

N 

cyn 

10*80 

1*08 

. 9*8 

4*22 

0*36 

11*6 

4*48 

0*32 

13*9 

13*70 

0*47 

28*7 

15*82 

1*90 

8*3 

3*80 

0*26 

14*6 

6*58 

0*46 

14*3 

2*11 

0*23 

9*1 

2*48 

0*33 

7*7 

8*74 

" 0*52 

17*3 

11*26 

0*26 

43*3 

12*21 

0*43 

28*2 

4*22 

0*24 

17*9 

4*84 

0*22 

21*8 

•V 

i 



N ratios of soluble 
fractions 
C 


9*20 

6*62 

5*18 

4*42 

16*86 

10*90 

19*56 

30*36 

10*02 

10*64 

9*68 

13*03 

13*45 

8*08 


n 


0*38 

0^57 

0*31 

0*60 

2*52 

0*83 

1*29 

0*75 

0*71 

1*23 

1*00 

1*19 

0*93 

0*90 


c/n 


24*2 

11*7 

16*8 

7*4 

6*7 

13*1 

15*1 

13*9 

14*0 

8*7 

9*7 

11*0 

14*5 

9*0 


' 2. Car^: nitrogen ratios of residues on peroxide treatment of composts 

in Rye, Wikihja S SQ-?! S m composts with exceptions 



1 ] 


ItOtOaiCAt OF OBlSliN ' . if 

in effect tliat the strength of peroxide employed was just siifficientto attack both carbon and iiitrogea 
in a proportion without affecting the extra carbonaceous material The work of McLean [1931] on 
soil organic matter has demonstrated that the strength of peroxide over 1*5 per cent removed a consi- 
derable amount of carbon leaving nitrogen almost unaffected, suggesting that carbon from eellu- 
iose or other carbonaceous material and not from the hu$ms fraction was being attacked by higher 
concentration of peroxide than 1*5 per cent* This observation is significant in so far as it indicates a 
definite relationship between carbon and nitrogen of the soil humus. Such an analogy can very well 
be applied to composts, the only difference being that the strength of peroxide required for composts 
is double of that for soil humus. This should be expected because the concentration of humus in a 
compost is always greater than in a soil Whether higher concentration of peroxide has an effect on 
carbon other than humus carbon is a matter of further enquiry. Provided the method is standardized 
with respect to the strength of peroxide and the period of heating, it can still serve as a useful guide 
to determine the degree of humification in composts. 

The exceptions in Rye, Wikiliya S 30’7 and Wikiliya S 39*9 can be accounted for by the lower 
extraction of carbon but with Wikiliya S 40*1 although carbon was extracted slightly more than in ; 

any other compost, the nitrogen was extracted in still larger amounts. Such composts giving peroxide 
residues of a wider 0/N may resist further decomposition and may not nitrify on account of their low 
nitrogen content. 

3. Carbon : rdirogen ratios of omdized and dmotved portion of oom foists peroxide treatment \ 

These ratios are based on the carbon and nitrogen found by difference between the two constituents 
in composts and residues left after peroxide treatment from Table I A andlB. The results are included 
in Table IC. The trend of ratios is the same on the whole like the original composts witlrthe exception 
of Gallia, Rye and Gona Adika. Gona Adika with the narrowest ratio continues to be an exception 
from the very beginning on account of the nitrogenous nature of ^he material used for composting. f 

^ On comparing the values for nitrogen attacked by peroxide with those in original composts in 

Table lA it is clear that nearly 60 per cent of the total nitrogen in composts has been rendered soluble. ;■ 

This value may be taken as the upper limit for the availability of nitrogen in composts as discussed ; 

in a previous communication [Shrikhande, 1945]. As the process by which such nitrogen has been 
extracted occurs in two stages, viz. (i) by mere solution as in water, and (ii) by oxidation with per- : 

oxide, it is reasonable to conclude that the nitrogen obtained purely by solvent action of this reagent i 

should become easily available to the plant whereas nitrogen which is affected by the oxidizing action 1 

of peroxide should be rendered gradually available by the oxidation process in soil though not so j 

readily as the former. 

■ „■ ■ " "■ ' t 

i'. .. ^ . _ ■ . . 

4. Water soluble nitrogen and water and peroxide soluble constituents of composts I 

The greater extractibility of and the different nature of peroxide extraction is clearly demons- : 

trated by comparing the w^ater soluble nitrogen in Table II with peroxide removable nitrogen in i 

I Table 10. The amount of nitrogen over and above that extracted by water is obviously due to the I 

I oxidizing action of peroxide besides its purely solvent action. These differences are indeed quite i 

^ large and clearly indicate a specific action of peroxide on the nitrogen complex of a compost. 

The availability of nitrogen vshould vary according to the amount and nature of nitrogen present ' 

in the original vegetable refuse. All the composts examined should easily nitrify when applied to the 1 

land if we take into consideration only the G : N ratios. What amount of nitrogen will actually become * 

readily available from each compost is difficult to say unless each compost is subjected to nitrifica- i; 

tion tests. But viewing the results on the basis of water solubility and easily available nitrogen, 
it is possible to suggest that about 10 per cent of the nitrogen which is water soluble in these composts ( 

may quickly nitrify and thus become easily available to the plant. This value is one-third of what is j 

given by composts obtained purely from green manures underlaboratory conditions [Shrikhande, / 

1945 ]. ^ ! 
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Table II ', 

Waier soluble total nitrogen mid tmier and peroxide soluble. consUiue^its' qf comp.osts 


(Besults expressed on 100 gm. of origma! compost)^ 


Compost 

Water 
soluble N 

Water 

soluble 

fraction 

Peroxide 

soluble 

fraction 

GalJia . 











0'12 

7*68 

16*78 

Ensalawatte . 

• 

• 

* 


• 






0-07 

. 2*86 

■ : ' 13*78, . 

Beaumont % 

* 







*■ 



0-06 

' 2*65 

8*28 

Eye 

• 










0-09 

4*93 

18*93 

Gona Adika , 


• 


« 




• 



0-28 

9*83 

49*63 

Lethenty . 


* 









0*14 

2*83 

22-14 

Wikiliya.S24-2 


• 


• 







0*09 1 

6*93 

28*66 

„ S39-7 











0*10 

4*18 

24*70 

,, S39-9 

« 










0*10 

8*68 

31*16 

„ S39’23 



• 





• 



0*12 

6*05 

23*68 

„ S40a 







« 




0‘11 

4*00 

26*40 

„ S40-2 







• 

♦ 



0*25 

6*78 

29*00 

Foouagalla A 







• 

• 



[0*06 

2*68 


B . 



• 








[0*07 

3*75 


Mahagastote 0 











1*24 

11*32 

23*43 

„ 11 

• 





* 


• 


• 

0*20 

6*76 

29*04 


5. Organic matter content of original and peroxide treated composts and the degree of humification 

Organic matter in comgost depends upon the type of material and the mineral matter introduced 
during composting. At times lot of mineral matter in the form of soil is introduced either with the 
stubble or at the time of turning the heap which contributes essentially to a low organic matter content 
of compost and consequently there is a poor recovery of humified matter. This can clearly be noted 
in Beaumont compost where the initial organic matter and the humified material is the lowest of all 
the composts reported in Table III. The other extreme is the extremely high original organic matter 
content with an excellent degree of humification of 78 per cent in the Gona Adika compost. This 
may he the maximum limit pf humification expected in compost manufactured on a large scale. 

Taking into account the heterogenous nature of material utilized on various estates it is interesting 
to note that the organic matter content of most of the composts tested approximated to an average 
of 45 per cent and the degree of humification to about 60 per cent. By comparing the degree of humi- 
fication with C : N ratios of composts in Table lA, it can be seen that the highest humified compost 
on Gona Adika has the narrowest C : N ratio whereas the lowest humified compost on Rye estate has 
the widest ratio. A relation therefore seems to exist between the degree of humification and the 
C : N ratios. The average ratio of 12 ; 1 may be taken as equivalent to about 60 units of humification. 
A compost manufactured from a niaterial of an average-composition which is fermented for a period 
of three months usually suffers a loss of 30 to 40 per cent in dry matter. Such a loss brings down the 
ratio in the proximity of 12 : 1. Knowing therefore the degree of humification it may be possible to 
rouglily predict the loss inorganic matter a compost had undergone during decomposition^ From 
the above observation one unit loss of dry matter may be taken as equivalent to about two units of 
humification. It is rather difficult to put down any definite formula for assessing the loss of dry 
matter in compost heaps because of the absence of data for^both the original amounts of material 
taken and the finished compost obtained therefrom. 
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Tabee hi 

Organ i c mailer content of original composts, their residtuis on peroxide treat mcnl and tlm degree of humiftm- 

■ . ' lion 


(Eesalta expressed on 100 gm. of original compost) 


Compost 


■■'■Gallia. 

Eusalwatte 

B6axim.o.iit 
By© ■' . 

Gona Adika 
Letiientv 


Letiieaty (dry compost) 
East Holi 


Tanagakeii© * 
Wildliya S24*2 


Organic 

Organic 

Organic ■" ' 

matter in 

matter ■in 

matter 

composts 

residues 

.humified 

27*60 

11*68 

23-92 

22-00 

14*43 

7*57 . 

15*24 ' 

14*07 ■ 

1*17 

42-29 

35*26 

7*03 

79*44 

17-36 

02-08 

Sl-20 

39-92 

11*28 

48*60 

21*23 

27*37 

27*03 

11*21 

15*82 

41'79 

14*00 

27*79 

47^56 

20*62 

20*94 

47*24 

20*36 

20-88 

53*85 

28*00 

25-85 

38*34 

13*22 

25*12 

43-50 

16*39 

27*11 

44-06 

15*62 

18*44 

41*65 

23-23 

18*42 


' ,, D'egw# 

' ; of 

'liomification 


n S40-2 
Mahagasfcote 9 , 


Lignin content of origiml emnposts ami of their residues after peroxide treatment 

Table IV includes percentage loss of lignin on peroxide extraction of composts in addition to the 
lignin of Original composts and their respective residues. Looking at the last column of Table IV it 
is interesting to note that 60 per cent of lignin in composts has been removed by peroxide treatment 
with the exception of Tanagakelle. Since hydrogen peroxide does not appreciably affect the lignin 
content of any plant material, it appears therefore reasonable to presume that the lignin in the^ori- 
ginal plant materials has been transformed into such a form as to be liable to attack by peroxide. 
The transformation which is the most likely one is its conversion to humus in association with the 
protein synthesized by the micro-organisms during the process of decomposition. An indication of 
such an association is obtained by definite proportionality between the extraction of carbon and 
nitrogen by the peroxide as shown in Table 1 A and IB. This is suggestive of the lignin-protein 
nature of compost humus. 

A certain proportion of lignin has resisted the -attack of peroxide. This fraction may either be 
still present in its native state, i.e. it was unaffected during fermentation and thus could not combine 
with the micro-organic protein to form humus, or that the strength of peroxide was not sufficient 
enough to attack this fraction of lignin. The former seems to be the chief possibility in so far as it is 
known that the process of composting although rapidjn the first few days slows down considerably 
after about 50 per cent of dry matter has been lost. This view lias been confirmed by the recovery of 
cellulose and other structural constituents from fermented vegetable materials. The strength of 
hydrogen peroxide has been shown to be just sufficient for the attack ®f humified material in cbmpost 
as po'inted out in section 2. 
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f ABLE IV 

mm content of origiml comjwst and their residues on peroxide extradion 
(Resulte expressed on 100 gin. of original compost) 


Compost 


g Oalha . 

Ensalwatt© . 

God a Adika . 

C* Lethenty 

v Lethenty (dry compost) 

East Holi 
Tanagakelio . 
f WikiUya S24'2 
a S39-7 . 

,, : „ S39-9 . 

{ : „ S39-23 . 

G'-' 9, S40*l 

,, S40-2 . 

Mahagastote H 


® 7. Lignin nitrogen rehtionship in the jjeroxide removable fractions ami also in the residues after peroxide 
s \ treatment of composts 

V Having obtained indications of the lignin-protein nature of humus by working directly with 
natural humic bodies in composts it was thought desirable to work out the proportions, if possible, 
^ of the two important constituents of the humus nucleus from the data in hand. Although it would 
^ have been more convenient to obtain such relationship in terms of lignin and protein as done by 
Hobson and Page [1932] and Wakevsman and Iyer [1933], it was thought desirable to restrict con- 
^ ; sideration to lignin-nitrogen relationship for two reasons, viz. (1) the protein conversion factor of 
1' 6*25 is purely arbitrary, and (2) the nitrogen present in the vegetable material from which these 
^ : composts were manufactured was not entirely of a protein character. All the composts manufactured 
{ on tea estate usually contain an appreciable amount of refuse in the form of tea leaf prunnings and 
]: :: refuse tea. These materials contain about 25-30 per cent of their total nitrogen in a non-protein form 
t ' as caffein. Table V presents such lignin-nitrogen relationship in the humic and non-humic portions 
i; of composts. ■ „ ■ 

fi’ . . Table V 

Lignin-nitrogen relationship in the humic and non-humic fraction 


Peroxide soluble fraction 


Residue after peroxide extraction 


Lignin 

Nitrogen 


Lignin 

Nitrogen 


Compost 


Lignin Nitrogen 


Lignin Nitrogen 


Galha . * 

Ensalwatte . 

Gona Adika 
LetKenty 

Lethenty (dry compost) 
East Holi . 
Tanagakell© . 

Wikiliya S24*2 
„ S39-7 . 

„ S39*9 . 

„ S39-23 • 

S40’i . 


\Mean 12*58 


On original 
compost 

On residue 

.Percentage of 
loss of lignin 
peroxide 
treatment 

19*50 

11-24 

42*36 

11*04 

4*57 

■: .58*61 

35*99 

2*27 

93*67 

16*11 

4-94 

69*31 

26*6S 

10*01 

, 62*47 ' ' 

11*37 

3*21 

. 71*78 ■ 

11*87 

11*47 

3*37 

19*73 

9*21 

■■ ■■,■53*01 

20*44 

3*99 

80*48 

27*32 

12*87 

52*89 

16*40 

5*35 

67*40 

17*60 

5*23 

70*28 

21*28 

5*68 

73*31 

21*11 

5*09 

75*88 

39*50 

20*65 

47*55 
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It will be noted from the ratios of lignin to nitrogen in the huniified fraction that they are fairly j 
constant, whereas there is a greater variation between snch ratifjs in the, case of residues after peroxkie , 
treatment or the non-Jiuinic frac^tions. On o. stativStieal examination ifi terms of relative variances \ 
it is foiiml that th(? dilhu’cnce be.tween thejii is significant. It can thus be, eoncliided that the humus : 
nucleus consists of 12 parts of iiguin to I part of nitrogen whereas the iion-liuinic fraction has the 
ratio of the order of 20 : 1 for lignin to nitrogen* This nondiumic fracttion may resist further decom- 
position on account of its proportionately high lignin content. This may also resist nitrification in | 
the soil This clearly explains why decomposition considerably slows down after a r^ertain amount of ; 
organic matter has been lost ; an ec|uilibrium is thus established between the humic and non-humic 
portions of composts* ii 

Hydrogen peroxide has therefore proved a valuable reagent by which it became possible not only 
to throw light on the Hgnin-protein nature of humus but also to establish a quantitative relationship 
between the two important constituents of the humic nucleus. Another importance of these findings 
lies in tlie fact tliat these conclusions have been arrived at by working directly with natural humic ; 
substances such as composts rather than with artificial preparations obtaiucfl by the interaction, of : 
chemical reagents, 

.. SUMMAEY ' j 

1. All the composts examined contain a suitable carbonmitrogen ratio approximating to the ; 
standard of 12 : 1. 

2* C : N ratio of the residues left after peroxide treatmeiit are very close to those of original com- i 

posts with a few exceptions. The C and N are thus extracted in a definite proportion by 3 per cent j 

hydrogen peroxide without attacking the unhiimified portion of composts. A relationship between 
the degree of humification and the C : N ratio of composts lias been indicated. Provided the method of ? 
peroxide treatment is well standardi^zed with respect to its streiigth and the time of extraction, it can ; 
still serve as a useful guide in determining the degree of rot in decomposed vegetable materials. 

3. Hydrogen peroxide has been showm to extract more than water. Water extracted about I 

10 per cent of total nitrogen whereas peroxide removed about 60 per cent of nitrogen in composts. ^ 
The limits of availability of nitrogen in composts have been discussed on the easily soluble and quick 
availability hypothesis. The range as shown by these experiments also lies between 20 per cent and 5; 
60 per cent obtained by the nitrification and crop recovery tests of other workers. i 

4. By the help of peroxide the organic matter of composts has been separated into fractions, viz. ^ 
(1) humic, and (2) nondiumic. The nature of humic fraction is the same as the soil humus. The ; 
C : Nratio of peroxide residues and the peroxide removabie fraction coupled with the lignin estimations ’ 
confirm the lignin-protein nature of humus nucleus. A <|uantitative relationship has also been estab- 
lished between the two important constituents. The lignin nitrogen ratio of the humic fraction, is 
more or less a constant and approximates to 12 : 1 whereas there is a greater variation in the case of 
non-liumic fraction and is of the order of 20 : L 
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THE BIOLOGICAL DECOMPOSITION OF GREEN MANUEES 


IV. LOSS OF LIGNIN DURING AEROBIC FERMENTATION 


B7 J. G. Skrikhande * Ph. D. (Lond,), BI.S 0 . (Nao.), A.I.C., 

Cawnpore 


Imperial Institute of Sugar Teoknology, 


(Eeceived for publication on 9 August 1943) 

I N view of several factors being involved in the decomposition and also in the determination 
of lignin in original and fermented materials different workers have reported different results even 
on similar materials. Tenney and Waksman [1929] in their studies on corn stalks, rye straw and oak 
leaves recorded definite losses of lignin but much less in proportion than of any other constituent. 
On the other hand, extensive decomposition of lignin under aerobic conditions was obtained by Philips, 
Wiehe and Smith [1930]. Their experiments were comparatively brief in duration and losses of 
lignin recorded were in some cases higher than those of cellulose. Several such conflicting views and 
data have been reported in the literature on the subject of decomposition of lignin. For a good review 
of the subject readers may refer to Norman [1936]. The subject being still controversial, a good deal 
of work is yet necessary to solve its intriguing nature by applying new methods which have' recently 
been developed by Norman and Jenkins [1934] for the quantitative determination of 'lignin. In this 
paper are recorded some data on the subject of lignin decomposition in various materials including 
nearly half a dozen tannin materials. 


Methods and results 

The various plant materials were fermented aerobically in bottles as described in Parts' I and II 
of this series [1945, 1946]. The dried material was ground to pass through 64-mesh sieve before 
applying the Norman and J enkin’s method [1934] for lignin determination in non-tans and Shrikhande’s 
method [1940/a] for lignin determination in tannin materials. 

Table I contains results for both the type of materials rotted aerobically for periods upto six 
months. The losses of lignin obtained are somewhat similar' to those recorded by Norman [1935] 
for oat straw fermented for a period upto 12 months. In non-tan materials the maximum loss of 
lignin sustained by sun-flower after six months was 26 per cent and the least loss of nearly 2 per cent 
by gravilleas. These losses of lignin appear to be in proportion to the losses of dry matter since sun- 
flower had suffered a loss of nearly 60 per cent in dry matter against hardly 15 per cent by gravilleas. 
On an average the non-tans investigated lost nearly one-fifth of their original lignin after six months’ 
fermentation. Addition of mineral nitrogen did not affect the loss of li gnin to any appreciable 
extent. This loss of lignin compares very poorly with losses of cellulose and hemicelluloses, which 
may amount to even 60 per cent in such a period of decomposition. It is apparent therefore 
that lignin is not so readily available to the micro-organism as cellulose and hemicelluloses. The 
tannin materials on the other hand show a very small loss of lignin in similar periods although losses 
of dry matter were normal. This exceptional behaviour of this class of materials may again be attri- 
buted to the antiseptic properties of tannins which might inhibit the growth of micro-flora responsible 
for the loss of lignin as in non-tanniferous species. This exceptional behaviour of tannin materials 
has been reported by the author on previous occasions [1940 a, 1940 b and 1946]. 
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Table I 


Aerobic deconepositmi of lignin in various materials at 25%K {Besidls expressed on the basis of original 

wmqM) 


Percentage of loss of lignin after- 


Material ' 


Sim flower 
Dadaps . 

Tephwmt 

OUmcidia 

Maana grass , 

Weeds 

Grairlleas 

Fern 

Cane reed , . 

Paddy straw 
Refuse tea 
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Summary 

Lignin determinations by Norman and J enkin’s method [1934] and Shrikhande’s method [19401 
lor non-tamuferous and tanmferous species respectively indicate that lignin under aerobic condi- 
tions is by far the most resistant major constituent and suffers a small loss in a period of five weeks. 
Ihis loss increases with longer periods amounting to nearly 20-26 per cent in six months. This is 
however, only about one-third of the loss undergone by cellulose Ld hemieelluloses under simite 
conditions. In tannin materials losses of lignm are almost negligible and this may be attributed to the 
antiseptic properties of tannins which modify the micro-flora. 
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CITRUS PROPAGATION STUDIES* 

THE INFLUENCE OF DIFFERENT METHODS OF BUDDING, AFTER-TREATMENTS AND 
ROOTSTOCK VIGOUR ON BUD-BREAK, BUD-TAKE, HISTOLOGY OF BUD-UNION 
AND SIZE. OF BUDLINGS IN CASE OF SIVEET ORANGE, MANDARIN AND SOUR 
LIMB 


By l^AETAR Singh, B. Sc, (Hons.), M. Sc. (Agri.), Fruit Section, Punjab Agricultural College, Lyallpur 
and Sham Singh, B. Sc, (Agri.), PL D. (Bristol), Assistant Horticulturist, Punjab, Lyallpur 

(Beceived for publication on 16 July 1946,) 

(with Plates I and II) 

M ost economic plants, including fruit trees, are propagated by vegetative means such as, graft- 
ing, budding, layerage and cuttage. The citrus trees, however, are propagated universally by 
budding and the method used is termed shield-budding or T-budding. It consists in inserting tbe 
bud of one tree, with a shield-shaped piece of bark, beneath the bark of another through a T or in- 
verted T-shaped incision. 

The scion-bud, as removed from the bud-stick, carries a thin slice of wood on its under surface 
but, before it is inserted beneath the bark of the root-stock, the slice of wood requires to be discarded 
according to some workers whereas others recommend its retension. The experience of most workers 
in India, England, Continent of Europe, New York (U. S. A.) and Palestine— [Sham Singh, 1938 ; 
Lorette, 1925 ; Feilden, 1936; Davis, 1922 ; Hall & Crane, 1933 ; Cheal, 1892 ; Kains, 1930 ; and 
Mendel, 1936] points to the view that the piece of wood, beneath the scion-bud, plays no part in faci- 
litating its union with the stock but that, on the contrary, it may actually retard this process. Men- 
del [1936] says ‘ the older wood and pith are incapable of regeneration ’. Thus, if the central core 
of wood iri the ‘ shield ’ is not removed, the shield has to be cut away thin to allow callus to form on 
the entire cut surface. It follows that from a practical standpoint, the budding of citrus should be 
done ‘ without wood ’. This is in accordance with the opinion of authors referred to above who 
recommend complete removal of wood from the bud before inserting it into the stock, but care has 
to be taken that, in doing so, the bud-germ is not damaged. 

Most American writers [Auchter & Knapp, 1929; Budd, 1914 ; Bailey, 1903; 1920; Coit, 
1915; Fuller, 1905; Green, 1911; Hume, 1909 ; Thomas, 1920 ; Wickson, 1926; Hansen, 1936; 
and Maynard, 1905], on the other hand, assert that the scion-bud should have a thin piece of wood 
attached to it when inserted into the root-stock. One English author [Baltet, 1910], and one Indian 
[Naik, 1939] also agree with the American view-point. Baltet [1910] says, ‘ there is no harm in leaving 
a small particle of wood under the bark of the bud-shield ; it will help to render the union of the 
parts more intimate k According to Bailey [1903-20] too ‘ the bit of wood probably serves a 
useful purpose in retaining moisture, but at the same time it interposes a foreign body between the 
two healing surfaces, for the bark of the bud units directly with the cambium of the stock’. In a 
recent study, carried out in India, Naik [1939] with meagre data concluded thus ‘the superiority 
of inserting the bud with wood over the common Indian method of insetting the bud after removal 
of wood may be said to have been clearly established Under South A&ican conditions, Powell 
[1930] does not appear to attach much importance to either method of budding as according to him 
‘ it is largely a matter of individual experience Sham Singh [1938] corroborated, in general, the view 
held by Powell as, according to him, the difference in the two practices is conventional as with certain 
scions both methods gave equally good results in the Punjab. ' He has, however, suggested the adop- 
tion of the American method in case of grapefruit, sweet lime and sour lime, etc. where the Indian 
method does not work well due to the thorny nature of buds, although Cheema [1929] advises the 
production and selection of thornless shoots for propagating the sour lime. It is clear, therefore, 
that the horticultural investigators in different countries tested the suitability of the two methods 
of budding not only from the viewpoint of higher percentage of take of buds but also from the nature 
of union taking place between tbe scion and the rootstock. 
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, The difference in . the two practices lies not only in the reino^Tal and preparation of the scion-bnd 
and, the iiatnre^.ofthe union taking place,. but also in the' way in .which the stock, .seedling is treated 
after, the bud,. is inserted. The technique .followed' i.n giving the ^ after-treatment ® ■ or the way of 
treating' the '.seedling top after inserting the bud ^varies .considerably from country, to country and 
even in different parts of the same country to suit either the individual preference or the conditions 
prevailing. Some believe in severing the stock top immediately after inserting the scion bud, others 
allow the .stock, top to remain intact till after the scion bud has united and still others preier to g,iv6 
a half way cut to the s.tock top .after inserting the scion bud. It is,, however,, commonly ..believed 
that these operations or "after-treatments ' play a considerable part both in the efficiency of bud-take 
.and the.proper development of bud sprouts. . . 

It is obvious, therefore, that in testing the suitability of a particular method of budding, the 
after-treatment to be given should also be determined simultaneously for different kinds of fruits 
and different seasons of budding. With these aims in view, and also to study the nature and develop- 
ment of union between scion and stock and the influence of rootstock vigour on the size of budlings, 
citrus propagation trials were initiated in the nurseries of the Punjab Agricultural Coilege, Lyallpur, 
early in the autulnn of 1939 and continued till the middle of 1941. 


1 

,j 


Mateeul used . . ; 

Plots containing seedlings of rough lemon {Citrus Ummiia Osbeck), known locally as jatti hliatti ; 
Were selected in the nurseries of the Punjab Agricultural College, Lyallpur, The seeffiings were 
growing in a uniform piece of land, which was loamy in nature and which received uniform cultural 
treatments ever since the seedlings were planted therein. Furthermore, the seedlings were of the 
same age and origin and were nearly two years old at the time of selection in autumn 1939. Ifot- i 
withstanding all this, the seedlings differed considerably from one another with regard to height and I 
thickness. Therefore, for the purpose of the trials reported here, seedlings of uniform vigour ; 
With considerably low coefficient of variability were selected as outlined in Table I^ j 

Table I , , ■ {! 


The material used for varioiis experiment^^^ trials 


Serial 

No. 

1 

Season 

2' ■ ' 1 

No. of seedlings 
under experiment 

3 ■ 

Purpose of experiment 

4, , 

1 ' 1 

Spring 1940 

504 

1 

Propagation trials with mandarin {G,nobiUs v^vdelicioM 
Swingle) 

Propagation trials with sweet orange (0. simnsia 0«beck) 

2 

Do. 

504 

,■ ■ . 3 

Do. 

84 

The anatomy and histology of union between scion and 
rootstock 

4 

. Summeir 1940 

558 

Propagation trials with sour lime {G.mrantifolia Swingle) 

5 

■ Do, .' . 

240 

Repetition of the x^ropagation trials with mandarin 

6 

bo. , , 

Total 

288 

2,178 

Repetition of the propagation trials with sweet orange 


Methods EMPLOYED ; 

Belection of seedlings and the methods of propagation studied 

It is evident from Table I that 2,178 seedlings were finally selected for various trials reported i 
here. To achieve this, about double this number was measured in the field for diameter (correct to 
the nearest millimeter) at nine inches above the ground level. It was thus possible to select seedlings ^ 
of the required thickness and the rest, which were either too thick or too thin, were not budded* 

i 
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After this, the selected seedlings were divided into different groups, based on diameter measurements 
and labelled accordingly. The propagation methods studied were the following : 

(а) The Indian method of budding, in which case the scion bud did not carry any trace of 

wood on its under surface. 

(б) The American method of budding, in which case the scionfbud carried a thin slice of wood 

along with it on the under-side— the thickness of wood being in tjje neighbourhood 
of-/, yin. 

(e) The practice of lopping the seedling top, immediately after budding, at about two inches 
above the inserted scion bud. 

(d) Tlie practice of delaying tlie cutting of the seedling top, above the inserted bud, till such 

time as the scion-bud growth was first noticed. 

(e) Ihe practice of notching the seedling top, on the side of inserted bud and two inches above 

it, immediately after budding but lopping the same, at the point of notch, after the scion- 
buds were seen sprouting. 

for convenience of reference, the above noted five treatments will be denoted hereafter by 
Bg, Pj, Pg and Pg respectively. 

Study of the miion between scion and rootstock 

^ With a view to see if the thin slice of wood, attached to the bud-shield, had anything to do with 
improper, delayed or defective union of the scion and rootstock, 84 seedlings were selected, half of 
which were budded by the Indian method using sweet orange and mandarin scions and the other 
half were budded by the American method of budding using the same two scions (Table VII). The 
scion buds were inserted in each case at nine inches above the soil level and lopping of the rootstock 
tops was carried out immediately after budding. 

To study the nature of union between scion and rootstock, and its development in c'ase of sweet 
orange and mandarin scions, each budded by both the methods (Indian and American), the material 
collected consisted of the scion portion with an inch or so of the rootstock portion on either side* 
The collection of material commenced on 8 March 1940 and was repeated thereafter at weekly intervals 
on three occasions ; that is 15 March 1940, 22 March 1940 and 29 March 1940. Again, on 1 May 
1940, when the hud sprouts were about two months old, the material was collected finally for the 
fifth time. On each of the five occasions, two samples representing each of the four treatments 
(sweet orange budded by the Indian method, sweet orange budded by the xlmerican method, mandarin 
budded by the Indian method, mandarin budded by the American method) were collected. Thus, 
in all, twenty different samples were collected, and on each occasion the material was preserved in 

formalin alcohol (95 c.c. alcohol plus 5 c.c. formalin). ' 

Three months after preserving the material, the cutting of sections was tried with a wood-micro- 
tome m the Punjab University Botany Laboratories, Lahore, but due to the heaviness of the razor, 
brittleness of the material, and the violent force with which the razor struck the material, the scion 
separated from the stock— thus defeating the object of study. The material was again allowed to 
remain in the preservative for three months more and again the same machine was tried without 
any success. 

It then occurred that the material should he fixed in Celloidion but unfortunately it Was not 
available in India and could not be had from foreign countries due to War. 

TTw hy^ofluoric acid may soften the material, one specimen was put in HP (60 c.c. 

Hh-1-50 c.o. HaO) and was allowed to remain in it for three weeks. After this, the material was 
thoroughly washed in w_ater and passed through different grades of .water and alcohol to absolute 
alcohol and through grades of alcohol and xylol to pure xylol. The material was kept for four hours 
in each grade. The paraffin of the melting point of 58“C. was added to xylol and the material was 
kept on electric bath for three weeks. The temperature of the bath was kept constant at 62°C. 
Occasionally small hits^ of paraffin were added to the xylol containing the material until the whole 
xylol evaporated, leayi^ the material embedded in pure paraffin wax. Block was prepark and 
section cutting was tried on microtome but tliis rdetli9d also did not prove successful. 




m 

After this, liaad^ microtome was tried for cutting' the sections. The iiiicrotome was fixed to the 
table with the material and free hand seetions were cut with a rajsor. Though it was not possible to 
obtain complete sections, the union between scion and stock crnild studied in the partially cut 
sections. Some good sections were selected from (»ach specimen and were stained In .Diamond Fuch- 
sion and Light Green, The sections were put in a dilute solution of Diamond Fuchsion for two 
minutes, -washed.. in water and, .after passing through rectified spirit and absolute alcohol, were put 
in Light Green stain in alcohol. After the red stain was replaced by the green in soft tissues, the 
sections were^ washed, in alcohol and put in clove-oil for clearing and difierentiat.ioii of the tissues. 
Sections were washed in xylol to remove clove-oil .and mounted in Canada Balsam. After this 
the slides were dried, and ringed to form, permanent preparations. 

'Layout 

\ . The. method of lay-out, adopted in these- experiments, co.ufbrms to the latest field plot .teeliiiiquej 
developed and advocated by Fisher [1935] for carrying out experiments with orchard crops. The 
two methods of budding and the three lopping treatments were tried in six possible conibinations 
as follows 

BiPi, B^Pg, B^Pg, BgPi, and B^Pg 

The rootstock seedlings were labelled to indicate the category, based on di a inter measurements, 
and each of the six above noted treatments was tried for each rootstock category in a randomized 
layout. The information about tlie treatment given to individual seedling* was also noted on the 
label tied to each selected seedling. The information about the diameter and the mirnber of seedlings 
in different categories, selected for various experiments, along with the coefficients of variability deter- 
mined in each case, is summarized in Tables 11- VIL 

Table II 


Detmk of the expemnents on the propagation trialti loith rnandarin {Spnng 1940) 


Category 

Biaiiketer of 
soodlings (cm.) 

av. 

of 

medlings used for x^arloiis treatments 


Total 

B,Pi 

B.P, 

BiP, 

B,Px 

B,Ps 

B^P, 

1 




. 0*60—0^64 

1*82 

14 

14 

14. 

14 

14 

14. 

84 

2 

. * 



0*6o-— 0‘69 

2U3 

14 

14 

14 

14 

14 

14 

84 

3 

.» .. . * , ,, 



0*70— •0‘74 

l*6o 

14 

14 

^,14 

14 

14 

14 

84 

4 

. . 



0*75—0*79 

1*60 

14 

14 

14 

14 

14 

14 ; 

84 

5 




0*80--0‘88 

3*70 

14 

14 

14 

14 

14 

14 

84 

6 



* 

0‘89— 0*94 

rs7 

14 

14 i 

14 

14 

14 

14 

84 




■,i 


Total * 

84 

84 1 

i 

84 

84 

84 

84 

504 


Table III 

betaik of the ex>penm.ents on ilie propayoMm with sweet onaige {Bpring 1940) 


Category 

V, 

Diameter of 
seecllings (omi) 

cw. 

No. of seedlings used for various treatments 

Total 

B.Pj 

BiP, 

BiPa 

B2P1 

B.P. 

B.Ps 


0*60—0*69 

4*40 

14 

14 

14 

14 

14 

14 

84 


0*70—0*74 

xl-65 

14 

14 

14 

14 

14 

14 

84 


. 0*75— 0*79 ' 

1*52 

14 

■ ,14 . 

14 

14 

14 

14 

84 


0*80— 0-84- 

1*24 i 

14 

-14 ■ 

14 

14 

14 

14 

84 


0*85—0-80 

1*40 

14 

14 

14 

14 

14 

14 

84 


0*90—0*99 

3*01 

14 

14 

14' 

14 

14 

14 

84 



Total . 

■■;''84:: 

84 

84 

1 84 

84 

84 

504 
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Table IV 

Details of the experiments on the propagation trials ivith mandarin repeated in Summer 1940 


Diameter of 
seedlings (cm.) 


B2D3 


BgP, BA 


Total 


BgBg 


Diameter of 
seedlings (cm.) 


0- 60— 0-B8 
0*89— 0*99 

1^21—1*39 

1- 40— 1-58 


8‘9 

5-73 

6*46 

5-23 

3*70 

Total 


i.Vo. of seedling used for various treatments 


0 * 70 -~ 0-74 

0 - 75 — 0-79 
0 * 80 -~ 0*84 

1- OO—ITO 
1 * 11 — 1*20 
1 * 21 — 1*30 


Table V 


Details of the exjpenments on the fropagation trials with sweet orange repeated in swmmer 1940 


Table VI 

Details of the exjjeriments on the 2 >yo‘pagation trials with, sour lime {Summer 1940) 


Category 


Category 


Diameter of seedlings (cm.) 


No. of seedlings used for various 
treatments 


0 * 60 -«- 0*64 

0^65^^0-69 

0 * 70 — 0*74 

0 * 75 — 0*79 

0 * 80 — 0*83 

0 * 85 — 0*94 


Total . 


Table VII 

Details of ths experiments on the anato^ny and histology of union between tioo scions dnd a rdbtstocic 


Treatment 


No. of seedlings h udded 

Sweet Oraiige Mandarin 
scion scion 


Indian method 
American method 
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The figures for coeilScient of variability are very low, showing a close nniforuiif y in the individuals 
comprising different categories in each experiment. Again, the variability between the categories 
themselves is also low, which means that these categories are directly comparable with one another. 

Selection and ^jreparation of hnd-ivood 

Eonnd, healthy and plump shoots of one season’s growth were selected for propagation trials 
‘ with sweet orange and mandarin ^ bud- wood from a single tree was used in both cases and in both the - 
seasons of budding. ■ Scion- wood, used for sour lime (^-^ariety oval-shaped) propagation studies, 
was selected from, several trees as sufficient wood on any single tree was not available. , As much of 
it was cut daily as required. While removing leaves from bud-sticks, a portion of the leaf stalk 
was left intact, which helped to protect the scion-bud and also helped in its handling. The bud- 
sticks were taken to tbe field after wrapping in wet hemp bag and the buds were removed by means 
of the sharp knife taking care that the knife always worked in the acropetal direction. Each bud, 
when removed, w^as about one inch long and had a little piece of wood attached to it on its under 
surface. The buds, as removed, w^ere put in a cup containing water. The wood was removed from 
about half the number of buds, taking care that the germ or meristematic tissue of the buds was 
iiotinjured. 

Budding opeiatimi 

The woik of budding, which commenced on 22 February 1940, was performed exclusively by 
one budder. There was, therefore, no chance of variability being introduced due to human factor. 
For sweet orange budding, the bud-wood was collected from a tree of the Valencia Late variety. 
The scion used in the other plot was that of Nagpur mandarin variety. This was also collected from 
a single tree growing in the same orchard. ' . 

Budding started on 22 February 1940 in case of the sweet orange scion. Before budding, 
the leaves of the rootstock seedlings were removed up to about one foot from the ground level. Then, 
at a height of about nine inches from the ground level, on the northern side of the seedlings, two 
incisions (one horizontal and other longitudinal) approximately at right angle to each other were made 
with a budding knife. The bark flaps, at the junction of the two cute, were raised slightly with the 
blunt edge of the knife for inserting the buds therein. Buds were inserted at this height to safe- 
guard against gum disease infection, which usually comes from the soil. If, on the other hand, buds 
are inserted too high, a crooked and ugly trunk may restilt. The scion-buds were picked up one by 
one from the cup and inserted immediately from the upper side of the (T) and pushed in the down- 
ward direction for fitting into the cut. This operation was done very carefully to avoid injury to 
the tissues of the bud. After this, the buds were tied in position with raffia. This operation was 
started from the upper end of the inserted bud and finished at the lower end with a knot. The idea 
in inserting the scion buds on the north side was to protect them from the direct rays, of the sun. 

Removing the raffia 

About 20 days after finishing the budding, the raffia was cut off by giving a longitudinal cut on 
the side opposite to the inserted bud. During this period, the scion buds were taken to have united 
with the stock even if no growth was visible. 

Removing the stock sjpfQUts 

While examining the scion-bud sprouts, it was noticed that- some buds on the rootstock portion 
had also sprouted. These sprouts were rubbed off without injuring the sprouts" from the scion-buds. 

Training the budded plants 

In order to ensure a perfectly straight stem, the young sprouts were trained with stakes. When 
the sprouts had grown to a length of about three inches, they were tied to the stumps of rootstocks, 
usually left above the inserted buds. At the same time, stakes of Saocharum sp, (Sarkanda) were 
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provifled to tiie biiclclecl plants and were fixed on the .southern sid( 3 , which was in a , direction opposite 
to that on wdiich scion-buds .were inserted.. The young sprouts were trained carefully along dhese 
stakes by tyijig with raffia .at suitable intervals. The >sicie bra,nches on the main shoot were not 
allowed to grow. and., after the main shoot had grown sufficiently tall, the rootstock stumps, left at 
two inches above .the. inserted buds, were cut close to the scion, shoo. ts. . After the scion sho.ots .had.' 
grown to a leiigtli of nearly a foot and a half, the side branches were also allowed to be formed. The 
budlings, thus trained, became ready for transplanting after about a year. 


Data collected 


^ It has been previously stated that a good deal of numerical data were collected in connection 
mth the selection of material for carrying out the various investigations. The data connected with 
the problems under study, however, were collected after the seedlings had been budded. It compris- 
ed (a) the number of days required for bud-break in each case, (6) the percentage of bud-take in each 
case, (c) the vigour of the budlings under each treatment, and (d) the nature and development of 
union between stock and scion. In collecting data on all the four aspects mentioned above, the follow'- 
ing procedure was adopted. 

Time required for bud-'hreah in each case 

. 1940, the budding operations in case of the sw’eet orange and mandarin plots were 

finished on 25 February 1940 and 29 February 1940, respectively. The examination of the budded 
seedlings in both the plots was started on 3 March 1940 in case of sweet orange budding trials and 
1940 in case of mandarin budding. Observations were made daily and the sprouting 
of buds was recorded in the field register by using positive and negative signs. Thus +ive sign 
against a seedling on a certain date would show that bud-break started on that date, whereas the 
— ive sign would indicate that bud-break had not commenced. In cases, where growth died out 
after once starting, it was necessary to add negative sign with ^positive previously given. Similarly 
lor budding trials carried out and repeated in summer 1940 in case of sweet orange, mandarin and 
sour lime, the bud sprout records were also taken in the same way as in spring of the same year. 

Pereentage of bud-take in each scion variety 

^ In calculating the percentage of bud -take in each case, the surviving budlings only were taken 
into consideration and those drying out after some time due to various causes were not included, 
iiie counts for bud-take were thus made after about three months of the time of budding in each 
case and in both the seasons. 6 ^ ^ 

Vigour of budlings under each treatment 

About one year after the date of budding, the budded plants were measured for diameter by 
Vernier callipers at points approximately two inches above the union. The total extensional growth 
in cm. was also recorded for each budded plant by means of the meter-rod. 

Nature and development of union between scion and stock 


The procedure for preserving the material, section cutting and preparation of permanent slides 
has been described under the section on ‘ Methods employed’. Microphotographs of all the permanent 
shdes were taken with a view to study the nature and development of the union between scion and 
stock lor all the scion species budded by the two different methods. 


Presentation of results 

It has been previously mentioned that the data were collected from several view-points. The 
if accumulated, were suitably compiled for statistical calculation and interpretation 

ot resiffts. buch mean tables concerning the various phases of study have been excluded in the 
mterest of brevity. After working out the statistical constants in each case, summary tables were 
prepMed which are presented and discussed here. The various phases of study embracing the present 
investigations have been presented below, / present 
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I] ' ' emus- PROFAGATIOK 

Period of bml-hreak m affected hy vaiiom propagoMon methods and miegories of root-siocks 

The results under this item of study were availaMe for hoth sprio^e' atid nMirnm of budding 

in {‘ase of sweet orange and imiiidarin ami for summer season alone in eriHi of' '^oiir lime seioji. The 
results for tliree scion varieties are presented separaMy as follows 

(«) Sweet orange budding trial cmrmlout in spring 1940 and repeated in summer 1940. k statistical 
study of the mean number of days required for sprouting' of street orange buds that were inserted in 
the seedlings of various categories with respect to the two methods of budding and three after-treat- 
ments is presented as follows : 

Table VIII 

PerM of hud-breah in ease of sweet orange scion as affected by various propagation methods and categories 


(a) Methods of budding 





j Spring 1040 

1 

.Simimer 1040 




Metiiod of budding 

I' Aloan No. of 
i daj's taken 

1 

,c.i>. ; 

j 

«.! 

.Alean No. of 
days taken 

1 c:d. , 

B, 


. ' . . . ... . . ' ■ . . , 

! 15*10 ) 

i 14*41 j 

i 

1 

0*47 j 

19*58 ) 

19*26 ' j 

3*05 



(b) After-treatments 






An0.r-treatmejit 

1 ^ Spring 1940 

! 


1 Siimme.r 1940 

1 



1 - ~ 

j Mean No. of 

1 days taken 

O.D. 

AIea.n No. of ' 
days taken 

! - 

C.D. , 

iV : : ; : : ; ; : : 

p; . . .| 

14- 12 1 

15- 28 !- 

14-95 J 

0*56 

1 

^ 12*^9 1 

■23*20 , ■ y 
22*06 J 

3*7 


id): Effect ef categories 


Category 


■'Spring 1940 , 

Summer 1940 ■. 

Alean No- of C.D. 

..Mean No. of 

j C.B. 

days taken 

days taken ! 


14*5 

19*32 


15*9 

19*66 


14*1 0*82 

20*14 

5*30 

14*0 

17*79 


15*0 

18*36 


■ 14*6 

21*24 
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id) Inter-adton of method with afler-lreaiment 

Spring 1940 


Summer 1940 


Mean ISTo. of days taken. 


Mean Ho. of days taken 


• • • 

.14-46 

16‘14 

... 

Difference 

■ 13-7S 

! 00-68 

1 ■ 14-43 

1-71 


^ (+) 

( + ) 

C.D. 


cm 


Pi 

Pj, 

p. 

12-03 

24-42 

22-27 

13-96 

21-98 

21-85 

1-13 

2-44 ^ 

00-42 

(—) 

( + ) 

i-h) 


The folJcnving coBcIusions can be made from the data presented in Table VIII. ~ 

(i) In spring 1940 the mean number of days taken for bud-break by the Indian method is 
15-16 as against 14-41 by the American method. This shows that the American method 
of budding hastened the period of bud-break by 0-75 days on the average. This difference 
is apparently small but the effect of both methods of budding is so consistent for all 
categories that even this small difference is significant. In summer 1940 both 
• rni “methods behaved alike in influencing the period of bud-break 
( 11 ) The mean No. of days taken for bud-break is the least under as compared with other 
afteiy eatments tor both the seasons. The differences in both cases are significant 
showing thereby that Pj after-treatment should be preferred to the other two in reduc- 
ing the period of bud-break. 

(iii) Of all the categories tried none has increased the period of bud-break except category 
No. 2 m spring season of budding. It can be infered therefore that, in general the 
/■ ^ of bud-break 

(IV) The figures in the inter-action table show that in decreasing the period of bud-break B 
IS raperior to Bj only when the after-treatment followed in both cases is P„ In case 
of J.j also, the American method has given better results over the Indian method but 

statistically. The period of bud-break is the least for the 
combination BaPi which shows that for both methods of budding, preference should 
ii.\ n/r ^1 y^th a view to decrease the period of bud-break. 

° budding trial carried, out in spring 1940 and repeated in summer 1940. A statistical 

f number of days required for sprouting of mandarin buds that were inserted in the 


Table IX 

Period of hud-break in case of mandarin scion as affected by various propagation methods and 
(a) Method of budding 


categories 


Mfifchod of budding 


Spring 1940 


Summer 1940 


Mean No. of 
days taken 


Mean No, of 
days taken 



td bsJ j { J o 2a 
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Table ■■ IX— coEtd 

Permd qf htid-break in of m/miarm sdon as qffwt^d hy carious prop tfiaiion niefJiods and eafugories 

: : (b) ■ ' 


, : After-treatment 

Spring 1940 

1 Slimmer 1940 

Mean No, of 
days taken 

C.I). 

1 

i 

Mean No. of 
days taken 

! C.D. 

i 

1 

p, . . . 

16*42 


13*0:i 


p* . . . . . . . . 

17*78 

2*38 i 

22*34 

8*07 ■ 

p, . . . . . . . . . 

17*57 

1 

17*58 


(c) Effect 

of categories^ 





Spring 1940 

Summer 1940 

Categorj? 


i 




Mean No, of 

€.1). 1 

Mean No. of 

C.D. . 


days taken 

1 

1 

i 

days taken 



i6*6o 

17- 33 

18- 52 

16- 45 
17*18 

17- 41 


3*34 


22*36 

20*51 

20*85 

27*38 

16*65 

'XU, 


10-37 


Difference 


C,D. 


'Iriter-action of method vulh. (fterUrmtment' 




17-57 

15*27 

2*30 

(+) 


Spring 1040 


18*48 
17*00 
1*39 
( + ) 

”^*34 


10-74 

15*30 

4*35 

(4-) 


P, 


' 16*27 
17*11 
0n*S4 
(-) 


St: miner 1040 


P. 


35 31 
1S*30 
17*01 
■ ( + ) 
— V-* — 
11*20 


17*90 
24*20: 
' 6*21 
(-) 


The following conclusions can be drawn from the data presented in Table IX. 

(i) In spring 1940. the mean number of days taken for bud-break by the Indian method of 
budding is 18*59 as against 15*92 by the American Tnethod. And in summer 1940, 
the clays required by the Indian method are 23*19 as against 19*87 rcc[uired by the 
American method. It is clear, therefore, that American method of budding hastened 
the period of bud-break of mandarin by 2*67 days in spring and 3*32 clays in summer. 
The difference is significant statistically in case of spring budding and is suggestive 
only in case, of summer budding* 
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(ii) The niean miniber of days taken for biid-break is tlie least iiiider and greatest under 

Pg for botb seasons of budding. In spring budding tlie differeiices are not significant 
, but for summer budding P^ has shown distinct superiority over Pg- general, Pj 
should be given preference to the other two after-treatnieiits in case of mandarin budding 
, , also. 

(iii) Of the various categories under trial none influenced the period of bud-break in case of 

spring budding. But in summer 1940, the seedlings of fifth category decreased the 
period of bud-break and, on the contrary, fourth category alone increased this period. 
All the remaining three categories have not, however, shown any effect on the period 
of bud-break. 

(iv) The figures in the inter-action table show that the period of bud-break is the least under 

PjL for both methods of budding and during both seasons of budding. However, the 
superiority of Bg over B^ lies in following the P3 after-treatment in spring season of 
budding and Pg after-treatment in summer season of budding, 

(c) Sotir lime budding trial carried out in summer 1940. A statistical study of the mean number 
of days required for sprouting of sour lime buds inserted in seedlings of various categories with respect 
to one method of budding and three after treatments is presented below. 

Table X 

Period of hud-break in case of sour lime scion as affected by the three after-treatments and categories of 

rootstock 

(a) After-treatments 

After-treatment Mean number of Critical difference 

days taken 


. . . . . . . . 23-50 

. 39*05 7-87 

... . . 34*06 

(b) Effect of categories 

Category Mean number of Critical difference 

days taken 


. . . . . . . . . . , . 29-40 

. . . . . . . . . . . . 31*60 

. . . . . ^ . . . . . . . . 31*92 

. . . * . . . . . ... 31*67 10*9 

- . . . . . . . 34-00 

. ^ . A . ■■ ■. : . ■ . ■ . . . . 34*70 

The following conclusions can be made from the data presented in Table X. 

(i) The data in part (a) show that Pp is signifi-cantly better than the remaining two after- 
treatments in reducmg the period of bud-break in case of sour lime scion. The differ- 
ences are significant even at one per cent level. 

(ii) The data in part (6) show that root-stocks of different vigour have no influence on the 
period of bud-break. 

Percentage of bud-take as affected by various propagation methods and categories of rootstocks 

The resulls under this item of work were available for both spring and summer seasons of budding 
in case of sweet-orange and mandarin scions and summer season alone in case of sour lime scion. 
These results for the three scion varieties are presented separately as follows. 
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(a) Sweet orange budding trial carried out in spring 194d) and repeated in smmmr 1940. A statistical 
sHkIv of tlie pcrc'ciitagc of fake o.f sweet orange buds inserted in stock seedlings of various categories 
Arith respect to two inetliods of biKMing^and ttreeafter^imtinerits is presented as follows. 

.TableXI 


Percentage " of bmPtake in case /qf : sweet orange scion as affected bij three ffierdreatnients mul six mte- 

gories of root-stock 

(sb) Methods of budding 


f 

Spring 1940 

Sum..nie.r 194=0 

I>lctli(>d of bucidirig 

Mean percentage 
of bud -take 

G.D. 

x\iean pe,rcentage 
of bud-take 

, C.D.. : 

B, . . . 

B, . . i 

1 

92*1 

03*2 

6*72 

1 

80*6 , ' 
83*3 

1 

li*8 


(b) After-treatments 



Tbe folloAring conclusions can be made from the data jmesented in Table XI, 

(i) In case of sweet orange scion, tbe percentage of bud-take is not influenced by the metbods 

of budding tried in case of both the seasons. 

(ii) Tbe three after-treatments, tried in both tbe seasons, have not influenced the percentage 

of bud-take. ■ 

{iii) Thera is no evidence of the influene of root-stock vigour on the percentage of bud-take 
during both the seasons of budding. 

(6) Mandarin budding trial carried out in spring 1940 and repeated in summer 1940. A statistical 
study of the percentage take of mandarin buds inserted in stock seedlings of various categories with 
respect to two methods of budding and three after-treatments is presented below. 
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Table XII 


fi 


r 

a 

{' 

0 

t 

f 

a 

jq 

t 

{ 

t 

I 




Percefdage of hud4alce in case of mndctrin sdon as affected by tico ‘methods of InuMing, three after-treat- 
ments and six categories of foot-stoch 

(a) Method of budding 


Category 


e' . — - — ^ ^ — — — 

n 

!'■ Metliod of budding 

g 

Spring 1940 

Summer 1940 

Mean percentage 
of bud-take 

C.R 

Mean percentage 
of bud-take 

O.D, 

r* ' 

c ■ ■ 'Bj, . ■ ^ . . .. . • • 

y ‘ • • • • • 

QO 

10*02 

51*7 

42*3 

16*93 


(b) After-treatments 


After-treatment 

Spring 1940 

Summer 1940 

1 

Mean percentage 
of bud-take 

O.D. 

Mean percentage 
of bud-take 

G.D* 

p, . . . . . . . . . . 

73*6 


63-1 


Pa ■ ■ • 

78-73 

11*54 

28*1 

20-52 

P, • • ... . . . . . 

83-75 


36*6 



(c) Effect of categories 


Spring 1940 

Summer 1940 

Mean percentage 

C.B. 

Mean percentage 

C.D. 

of bud-take 


of bud-take 


" ■ 85-7 


60*0 


85‘7 


47*9 

26*72 

76‘2 

17 ‘60 

47*9 


74*4 


45*8 


76*4 


43*7 


73*8 


Nil 



(cl) Inter-action of methods with after-treatments 


Spring 1940 


Summer 1940 


i 

b 

l 

Pi 

Pg 

Pa 

Pi 

P. 

p. 

: B. . . . . 

85*8 

74*4 

86*5 

80*0 

- 37*5 . 

37-0 

; B, . . . . 

61*4 

80*0 

80*9 

47*5 

30-0 

50*0 

Difference 

24*4 j 

6-6 

5-6 

32-5 

7-5 

12-5 

t 

t 

(+) 

A. - ' 

(-) 

(+) 

.... J 

( + ) 

(+) 

(-) 

i C.D. 

1 


17*60 


’ 1 
1 

29-00 
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Tlie following coiic}u.«iom can. be made 'froBi 'the data preBented iii Ta.ble XII . . 

(i) The data in part (a) show tha-t the pereeiitage of l>ud~talce in c^ast* of iriiindailn scion can 
be considerably increased by following flic fndiun method budrlitig. Tfie results ^ 

■ for both the seasons are in fawoiir of B,, and th#' di ffereiices s re iiiah enongli as CiimparecI 
with the critical limit. 

(ii) The influence of ai‘ter-treatinents on the percentage of l)iid-take is interest iri.g. in spring 
season, both Pg and Pg should be preferred to Pj, Imt on the contrary, Pj should 
, be given prefere'nce to others in summer season as it has gi cen far better results in this 
season. 

(iii) The various categories of root-stock do not materially difier from one another in afiecting 
, the percentage of bud-take. But it is evident that the thicker the stock seedling, 

the least the percentage of bud-take. 

(iv) The figures in the inter-action table slio'w that the Indian method of budding significantly • 

establislied superiority over tlie American method of budding wdien Pj after-treatment 
is followed in both cases. This is true for both the seasons of budding. 

(c) /Sour liwe. hudcbuj trial carried <nd in . stimmer^ 1940, A statistical study of the percentage 
take of sour lime buds inset-ted in stock seedlings of various categories with, respect to th,ree after- 
treatments is presented belo\v. 

Table XIII ' 


Percentage of hmbtake m case of sour lime soion as affected by three (ffter4reatnients and six categories 

of root-stock 

(a) After-treatments (Surmner 1940) 


After-treatment 

Mean per'centa.ae 
of bud -take 

o.;d. 

: 

■ . . 1 

> . . I 

>3 ; r ; : . ; ; : : 

55‘66 

23*2 ■ 

35-2 . 

i5-02 

(b) Efffci iff eategorws iSum/mer 194G) 

Category 

.Mean peree,iitage 
of bud -take 

C.D. 

' . ■ ■ 


M’S 

40-1 

28*0 

39-4 

42*4 

43*4' 

21 ‘39 

. , . ...... 


The following conclusions can be drawn from Table XIII. 

(i) Pj^ after-treatment resulted in the highest percentage of bud-take as compared with 

the other two* The differences are statistically significant in each case. 

(ii) Of the various categories under trial, all but Xo. 3 behaved alike in influencing the per- 

centage of bud-take. The influence of No. 3 also is not significant statistically from 
the remaining categories. 

The vigour of one-year old budded trees as affected by various projjagational metliois and categories of 

root-stock 

The results under this item of work are available only for spring budding trial carried out in 
case of sweet orange and mandarin. The measurements of budlings were recorded a year after the 
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tune of budding. I’lie results for two scion varieties are presented senarat. 
girth an(i total growth as follows. 

lJ}<n:i(‘ineal ()irtli and total growth of sweet orange A statistic 

iae!m-ai_ uirrh and mean total growth of the sweet orange hiaiiings on .stock 
lione.s wi! h rtcspcct to die t wo methods of budding and three after-treamieiits 


Table XIV 

Dkmnelrical girth and total growth of sweet orange budlings as 

and categories 

(a) Methods of budding 


vanous jjwjmgation methods 


Oiametriei 


Method of budding 


Mean girth 
per budling 


Mean total 
growth pei 
budling 


(b) Afterdreatments 


Diametrical girth in cm, 


Total growth in cm. 


After-treatment 


Mean girth 
per 

budling 


Mean total 
growth per 
budling 


Diametrical girth in cm, 


Total growth in cm^ 


Category 


Mean girth 
per 

budling 


Mean total 
growth per 
budling 


0-088 


33-4 


1 I 1 wcs 


ciTOim ?Bo?Ao A Tlox mvmm 


^ ^ ^ Table XI?»--€0?il(l. 

Biumetriml gtrih md t^tal g-rmeik 0/ sweet omnge budUngs as affected % cariom ja'ujMgatiCii methods 

andcategorm 



Biametricai girth in cm. 

1 Total 1; 

!;fOWth in rni. 



p. 

P, 

p. 



? p. 

B, .. 

1 0*807 . 

0*872 I 

0*752 

237*a .| 

f 

1 ■ ■■ ; 

1 255-,-! i 

' ., 195-8' 

. . , . , . . 

(m$ 

0*770 

0*810 

210*9 j 

. LS7-5 ; 

. 21,2*7 

Diilerenoe 

0-084 

0-102 ! 

0-058 

26*4 i 

U7'S ■ i 

' ' 10*9 


{+) 

(i*) ^ 

{-) 

( "f ) t 


, : (.^4 

J 

0..,!:): ... . 

0-088 j 

1 

33*4 


Tlie following conclusions ean be made from the data presented in Table Xl \ : 

(i) The Indian method of buddingshowsstatisticallysignilicant superiority civer the American 

method of budding in producing vigorous and well dev'eioped sweet orange plants. 

(ii) Pj after-treatment helped to produce vigorous and well developed plants as eonipared 

with Pjj and P3. As regards diametrical girtli the ditfej'eiK-e^ are statistically signi- 
ficant. but for total extentional growth the differences are not rpiito siariili<-ant . 

(iii) The thicker the stock-seedling the more vigorouB are the plants piodured on it. 

(iv) The figures in the inter-action table >show that in ease of the Indian method of Innhliitg. 

Pi and P2 gave nearly indentical results but in ease of Ameiicnn methoil, P, and P.. 
should be preferred to produce better sized trees in the same pei-jod. 

Diainetficul guth ami total growth of mandarin budlmgs. A statisticrd study of' rii<‘ mean 
diametrical girth an<i the mean total growth of the mandarin budlings, propagated on stctdc seedlings 
of various categories with respect to two methods of budding and tliree after-ti'earmcnts is {jresented 
below. 

Table XV 

Development of mandarin hndlings as affected bg vacions propagat ion nwthods and eaiegories 
(a) Methods of budding 


Mtjtliod of butkling 



n, 

lie, 
of ^ 
ti * 
ac 
kf. 

ti,, 

P'' 

h 

g. 

0 . 

(h 

f 

(l 

cit 

t*;- 

f 

.ii 

g.. 

f 
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Table 

Devehpmeni of mandarin budlings as affected by mrioas fmjMgation mriJmds and categories 

(c) Different categories 


.I'dlegory 

Biametrieal girth in cm. 

Total growth, ii 

i cm. 

Mean girfcii 
per 

budlmg 

iUX 

Mean total 
growth per 
budling 

. 

CJX 

] . ■ . . . . . ' . . ■ . 

0*64 


3()6‘9 

! 

2 .. . . 

()‘60 


327*1 


2 . . . . . . ' . 

0*73 

0*022'' 

388*7 

n:}'74 

+ , . . . ...... 

0*61 


262*8 


5 . / . .... ■ . . ' . ■ . . . , 

0*73 


368*3 


6 .. . . . . . ' . ■ . . j 

' 0*74 


389*4 



(d) Effeet of mter-ariimi of method, of budding with after-treat tnerds 



Diametrical girth in cm, 

i ■ ... 

Total growth in cm. 

Pi 

1 


i 

1 

i 

P, 



0*88 

0-64 

0-55 

511*7 

263*6 

273*5 

B, . . . , 

0*78 

0-60 

0*68 

401*1 

239*9 i 

353*6 

.Difference 

0*10 j 

0*04 

0*13 

110*6 

23-7 

80*3 


(+) 1 

(+•) 

(-) 

( + ) 

(+) 

(— ) 




J 




O.D. . . . 

0*022 

113*74 " 




The following conclusions can be made from Table XV:— 

(i) The inflian method of budding resulted in producing comparativelj’’ more vigorous trees 

of mandarin in the siime period as compared with the American method. The 
differences, however, are not large enough to be significant statistically. 

(ii) ?i treatment proved significantly better than both Po and P3 for producing better sized 

trees. ' ■ 

(iii) The thicker the stoch seedling, the better tile size of budlings produced on it. This 

observation was offset only by seedlings in category No. 4. 

(iv) The data in the inter-action table show marked superiority of P, in case of hotli the methods 

of budding tried. Thus larger sized plants can be produced by eitber method of budding 
if the seedling top is cut off immediately after budding. 

Nature and develoymrit of uniott between seion md root-stock 

The materia] for this .study was collected for the first month at weekly intervals after budding 
and thereafter once again when the inserted buds were two months old. The procedure for preserving 
the material, the cutting of sections and preparation of the permanent slides has been laid down already 
under the .section dh ‘ Methods employed ’ . The mierophotographs of all the slides were taken to 'make 
a detailed study of the nature ami development of union between scion and root-stock. Tlie results 
for the two scions, namely sweet orange and mandarin have been presented separately a.s under. 

_ Union of sweet oran-ge buds with rough htnon root-stock. In Plate I, figs. 1, 2 is shown the. course 
of development of union after a week from budding of sweet orange buds inserted respectively by the 



Fia. 1. Indian method 


Fig. 2. American method 


One week old union of sweet orange buds with rough lemon rootstock, budded 
by different methods of budding 


Two months old union of sweet orange buds with rough lemon rootstock budded 
by different methods of budding 


Fio. 4. American method 
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Fig. 1. Indian metliod 


Fig. 2. American method 


One week old union of mandarin buds with rough lemon rootstock budded 
by different methods of budding 


y CTrRUB FEOPAa-ATtOK *3,1 

,i,,iK]ia!i and American inetliodH of budcli.iig. There is slight forniation of nillm tissue joining the 
stock and scion only in the middle by the Indian, method (Plate f. fig. I) tint there is no indication 
of siicli union taking place near the '«p;per and lower ends, lin the otlier hand, hr Ameiiean 
method (Plate f, fig, 2) there is no indication of callus formation either in the middle or near the ends 
of uniting surfaces except that there is slight callus formation near such portions of the scion buds 
as are free from the woody tissue. 

The Ciillus formation took place two' w'eeks' after budding by Indian method at \‘a,rious points 
to pnoide union between srion and stock, leaving only a few gaps wliereoallus tissue lias not develo])©! 
|u‘(,iper!y. ■ On, tl,!e other hand, by the Araerioa.n method the callus fornu'ith'ui t(>ok phuie only iiear 
tlic ends, probably for the reason that these were free from the woimIv tissue. In <dheL* wor<ls, the. 
woody tissue has serv(‘d to inhiifit the foiinatioii of callus therehy dolayi?sg th.e proper union oetwems 
srion an<! root -stock. 

Three weeks after budding, the foimiatioii of callus by the ln<lia,n iiteiliod took plaeo over the. 
e.ntire surface and the initiation of small celled tissue occurred ]*utli from I he -^eion a-ud tise, roolostoek. 
t)n t he oihe.r hand, l>y the American method, the formation of <*allus is interrupred at s^weiuJ points 
and t}i(^ small tissue dcA'eloped only from one side, viz. the root-st<.»ek. In case of four weeks 

old uialerial prepared by Indian method is noticed the complete union iuTvveeu seion and root-stock. 
The tendency to form vascular bundles on the scion bud is also noticed. 'The small celled tissue from 
both tlie. uniting sides has inter-mingled at rwious points by breaking the ('alius. On the other 
hand, in case of material of the same age prepared by American method tlie union between the scion 
and i‘ 0 (.)t-stock is not complete, but that it took place at several [mints. The sma.ll c(dled tissue has 
also develop(jd at several points l>ut no intermingling of the same lias resulted. 

In case of the two months old material prepared by the Indian method, (Plate I, fig. 3) i.s seen 
the complete intermingling of tissue. The diflferentiatioii of vascular tissue has also completed in 
tlie scion portion. Thus the union between scion and root-stock may be said to have coiiipleted 
after two months. In case of material of the same age, prepared by the American method (Plate I, 
fig. 4) tliere is an alromid retardation in various processes leading to the complete forniation of union. 
Thus the intermingling of tissue has not taken place at several points. The formation of vascular 
1) undies had started but it lias, by no means, completed as yet. 

Union of mundann buds tvilJi rough lenion root-stoch. In Plate II, figs. 1 and 2 is shown the course 
of development of the union of mandarin buds with rough lemon root-stock after a week from budding. 
The material shown in Plate II, fig. 1 was budded by the Indian method and that shown in Plate IT, 
fig. 2 was budded by the American method. In Plate TI, fig. 1, the formation of callus is seen at 
many points excepthig two or three gaps, whereas in Plate II, fig. 2, the tendency for callus formation 
does not exist at any point except at one extremity. 

In case of two weeks old material prepared by the Indian method, the callus tissue between the 
scion and root-stock has been formed completely. There is also a tendency towards the formation 
of small celled tissue. In case of material of the same age prepared by the American method on 
the other hand, the formation of callus has taken place only at such points as are free from the woody 
tissue. However, a tendency for the formation of vascular bundle in the scion is imminent. 

in (’.ase of four weeks’ old material prepared by the Indian method, intermingling 
of the tissue has taken place and formation of vascular tissue in the s(3ion has also commenced. 

On the other hand, in case of material of the same age prepared by the American method, even 
the small celled tissue has not developed completely on the side of scion probably due to the presence 
of the strip of wnod. The formation of vascular bundles in the scion in this case, however, is far 
advanced as compared with the Indian method. 

Two months after budding, the union by the Indian method (Plate II, fig. 3) appeared to be 
comparatively better than by the American method (Plate II, fig. 4). By the Indian method, 
tfre union was complete in every respect after two months and the diiTerentiation of vascular bundles 
in the scion had also taken place. By the American method on tie other hand, the inter-mingling 
of riie small celled tissue had not taken place completely in an equivalent period of two months but 
the vascular bundles in' the' scion were. cqmpieHy and were clearly visible. 
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Discussion 

T/fe vm:msfhe Atmrkm ^mtM 

So mnny i}nj;oi.1ant ksiies .have been raisetl by -tliis study that it k dtffirvnlf fr. • n 

adequate disrussioii witliin tlie limits of the oresent nanpr i to gi¥e them all an 

of tho thorm he, no present in close proximity to the scion buds the nfthortrbe 

(lanlv li(> tlic Aineneau one, as any effort to remove the bnf]« ^>1^.0 ( +i o used must neces- 

of ll.e Indian m.^tluxl, would fail because the meristfmat/jks T ’ """" 

by the tJnnns thereby lorvering the efficiency of teke ^ould be punctured 

'Jhe above conclusion is based on the study of several factors 
niquc o( mzrsery tree propagation of sweet orange and inandariu tVv ' ? ‘be successful tecli- 
bz'cak. the jzcicenlage of bud-take, the naturS divelonmeuTofVri r 

of biidlings. lljc results showed that whereas the preseiLe of wood n^Wi vigour 
a useful purpose in stimulating early growth of inserted scion buds 

not influenced tin- bud-takc. ft mav iic noted flv.f rla v '“ds, this, on the other hand. ha<l 
mi known fo the Indian nurserymen tjli oidy a decade hi el- budding was ((iiite 
Lvallpur for propagating su,li''impmtan c rns ft . K : i b"t into praidiiv at 

old hldian falouHt; 11 ,^ '“Produced grape-fruit and ihe, 

tl,e hv:: Wdr^bMMdrXouid toSaS '* f ''m" 

if a„y, be ™ tte r^T”' 

isi concerned. ^ piopagation of mandarin trees 

root -stock by these two metlmdrof^ilSmi'^ff^is^at^ie^ between the scion and 

not only materialized in a shorter period but it was also uiore i^ertlH-*^.^ ’h *’’,6 Indian method 
by tJie American method. Even after two months of buddbw vnth that obtained 

remained incomplete due mainly to the Tesree of lo^ 1 the American method 

tissues of stock ind scion to come Tnto dL prSin^^^^^ ®-“bium 

liorate tliose obtained by Mendel [ 1936 ] who in summinv tU results corro- 

‘For ail practical pmjposes, the budding in citrus should d done Sou! 

equal Xreorbing?dop?ediXt^^^^ methods of budding have 

only, the Indian method should be preferred as in practice it “idividual preference 

nursery trees in the same period by this method as compared wit.rtt 

influence on tree size for both the scions and it wovlrl i ^ ^ exhibited a marked 

ticantly increasing the percentage of bud-take iifcase of r/ best treatment for signi- 

respeet its influence on the other two sclonl fs not wefl f ™ P^ctieffiar 

of this treat nient of lopping over the other two has been clef l ‘berefore, the superioritv 

similar influence of tixiftrettment on thTpeSod rbud re d^ 

shoof^s starling early growth in his ‘ 

It IS oIjvjous, therefore, that the kind of treat • ®bmcl in size and development. 
i.»rting .hesoi„„-I,„dpl.j, imjartantrokiD p,»iAVS™l-l;° *.»P 
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fUiil t!i(3c^retieai iin|)orlanr'C‘. On the one liaiid,' it establishes the snperiorit y of a parueiitar freat- 
iiieiit ill nursery priHluetioa techiiifjiie and cm the other it lends siippiii the hypuliiesis iidinahra-te/l 
by Lneb [8iiuiiiM'rs. 1924]. It is, therefore, e-kax that-, whatever the ex'j)!a.natfoij in favourof J/|, 

I lie sliniulatioo for the growth of a newly inserted 'scion-buci is no concern of the port ion of root- 
stock above it. lu fa<;t. the delay eaiised in !opp..mg the seedling top adversely affected this stimulns. 
It said tliat leaving the, stock seedling intact along with leaves after bud-inserl ion is advaio 

and essential for getting desirable results but the data here reporterl have pro\'ed fieyoiid 
dontil that this view is highly fallacious.' 

Ivjl'ueni'e of the vigour of rfoek smilmgs 

lbw,a-sto('k seedlings (»f six different (‘ategories selecled uitli regard, to vigour, wc.o', buddc-d 
V, itli (‘ach of tie* tlins- scions naundy sweet oi‘a!ig<‘, mandarin a.nd sour linav hlu' lajsulfs siiowed 
that 1 he viiiour of root-sto<*k had no inlhieiice oir the period of bmbbreak and ilie jieree.ntage of bud- 
lake. ’Flicre was. howevei. an indication that increased vigour of root stocdc seedling niiclit ad\cr- 
s<‘!y aif<‘.c< tin* ' take * in ca>se of mandarin, but in case of tlie otln*!* two sc'ions no advmse idTect 
of t liis Idnd was experienced. 

1dic‘ inflmuiee of naat sloek vigour on the dfw'elofmicnt of scion bud growth is niosi marked. 
Thus aftej' a year iVoui luKhliug. the sweet orange and mandarin tnms wi'.re bigL^u* in size' <m tin*. coiU" 
paratis’cly umn* \ igoi'ous stock sc'edlings used. In other words, when lire I hie.km^ss <if f*ooi -stock, 
at nine iiifdies abovi*. >oil level, iniiged l)etw(*(‘ri fKi and 1*6 cm., the thicket' [h(‘ stock seedling, flic 
better* sized tin* nursci'y tree. Tiiis response of bud-growth, however*. ha<l not bc<m surprising in 
\'iew of tire fael that initial increase<l vigour of root-stock loust everitually expiTss itself in iuereased 
size of innlling on account of its having a coiiiparatively larger root-system. 

it is. therefore, conc'luded that tire vigour of root -stock, used in these trials, influenced iieitlier 
the period (tf bud-break noj* the ]>er(*entage of take of t)uds. This, on the other* hand, signifieautlj^ 
imu’eased the size of bmliings-— the increase in size being directly proportional to the vigour of stock 
seed 1 in as used. 

i uflorhor ff ilfo scffsous of lool^Hug 

It nenv remains to discuss if the (muditions obtaining in the two seasons of budding had any 
influen<'e on the growth indices relating to nursery tree propagation. In this connection it sliould 
be noted that this information was available for bud-break and bud-take in case of two sm'oiis namely 
sweet <*range a,nd mandarin and results on the nuinber of days taken for bud-1) reak and the por'centage 
of* bud-take, were in favour of spr-iiig budding for botli the scions. This suggests that flic activity 
of c;c!i sap ibr propagation was better in spring than in the summer season. 

It nray be added that the growtli of bud sprouts was arrested with the approach of w'inter which 
followed soon after the season for summer budding was over. Other disabilities usually coiineci.ed 
witli the siimiuer season of iuidding are (a) showers of rain which considerably iow'cr the take of buds 
and (b) the severe frost of winter which may kill yoimg bud growtlis of summer budding. 

it is, i-lierefuro, evident from the above that spring season should be prefeiTod., as far as possil>le 
to I , he summer seas«,>n for budding purpose. 

BimMARVV.AND 

(1) A stialy of (lie propagation methods with three citrus species uamely sweet orange, ma, tularin 
and sour lime was mad<3 in which two methods of budding arul three after-treatments werf*. eo)n])arcd 
in relate mH'.o six vigfuir cnteg(>ries of sto(di seedlings^^ 

(2) T1u 3 two metliods oi‘ budding proved equally efiicieiit so lar as the take of bu<ls in case of 

sweet orange, was concerned,, in case of maiidarui budding trial, the results w('i:e appreeia}.)iy in 
fa,vour of the Indian method but the differem^es produced by the two methods were not shUisf ically 
sign i lieu nt. ■, . ■ 

(3) Other things being equal, it was possible to obtain bigger sized nursery trees of sweet orange 

and mandarin by the Indian method as compared with the American method. • 
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(4) Tlie Indiiui loethod of biidcliBg resulted in early and complete developmeiil. of iiinon between 
svUm and I’oot-stoek as com pared with the American method, 

(5) The pra<*ticc of lopping the stock seedling top imiiiediately after budding pro\'(‘d signifi- 
cantlv superior, in all respects, to the other two practices in case of all the th,reM.‘ scions under stiidy, 

(d) 'fhe increase in the size of biidlings was directly proportional to the vigoui* of stock secfl- 
liiigrt used. There was, however, no infiiieiiee of stock vigour on the pcuhid of binl-lu'cak and per- 
centage take of !)uds for all the three scions tried. 

(7) The coinlitions obtaining in spring season proved more fevoura-ble to deci'easing the period 
oi‘ bud-break and increasing the take of buds than those in the summer seasom 
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A NOTE ON THE PEEDIGTION OF SPINNING VALUE OF 

(BANI) COTTONS 


AOEANI 


Bv P I). M. S('., ('nlfi)ii ltf>s<-arcli Botanist, Nniiiled, H. M 11. tlm Ninaiii s Doiaiiiioiis, 

iiii'l Aazii! Aiim.^h, O.B.E., Ph.D., F.Isst.P., Memhei-, Indian Taiiit P.oar.t 

fur |)ulilicatioti on 31 AugiiBfe 

I T is wril known that oik; of tlie most important factors in deterininiii" the (iiiality ot cotton 
is the spinning pcilVtnaa nc« of its lint which is correctly estimated oidy hy carrying out spin- 
niiit' tests under eont?'olh‘d conditions and expert supervision. Such tests, however, ari“ Ifotli expensive 
iimj tinie-consiiming. Ho far as .a cotton breeder is concerned, it is a matter ot ntnio.st importance 
for* him to know from fibre tests earned out on sraiill samples, the probable spinning performance 
oi’ his .sel(n.tions at a,s ea.Iv a stage as possible, so that he may confine his attention to the desirable 
str.iiiis. This would sa,v.' a large amount of labour, money mid time that may be spent on such 
iis niay firovt* hhsgi i.slactorv IVimji the sjiiniiiiig point ol view at a !at<n;* stage. ^ Apan Iroiii tlie 
breeder, tile cmisiitucr of cotton is also (!(‘eply interested in this problem, since he is anxious to pur- 
ch.ase such eoitons in the market as would suit his spinning recpiirements, but lie has hardly tbe 
time lo undertake actual spinning tests before making his bna! selections. 

Ill view of tiiese rea.sons. hotli cotton breeders and buyens are often constrained to base their 
judgement of spiimiim value on tlie fibre properties of the material presented to them. It is generally 
bel iitved tliat the spinuiiig perrormanee of a cotton is closely related to the length, fineness and^ strength 
of its fibres, and, as such, bofli hreedcr.s and buyers employ their own methods for estimating these 
clmracteristii's. It is la,rg<*ly on the basis of his estimate of these factors, derived from his practical 
experience t hat M biiver piiiclin.ses cotton of different types for the mills. Similarly, a breeder makes 
a quick dcterininafioii of the values (d' the.se fibre properties and forms his judgement of the probable 
spinning value uf ins material. The.se rough and ready metliods are, however, attended with errors 
of pcr.s<mal jiidgeiuciit. and as such can only he regarded as appro.rirnately correct. 

Previous work 

On accutinr ol' the inqiortaiicc of this problem to cotton l)recder.s, traders and consuiiievs, many 
research workers have tried in tlie jiast to evolve formulae for tlie prediction of the spinning value 
of cotton from iis libre properties. Nazir Ahmad 1 1941] reviewed the position, in regard to Indian 
eotton.s .and iiointed out that although considerable progress had been made in the last 20 yeai’s. 
vet tliere was .scope for improving tlie etiiciency of the existing prediction formulae. 

The first pnaliction formula for Indian cottons was given by Turner and Venkatraman [1934] 
as a result of their stin.lies on tlie fibre properties of 9.5 .samples of standard Indian cottons. It was 
as follows : 

= 75-4 AA - 79-5 AA — ■22-8 . . (1) 

Where Aj = Highest standard warp counts, 

A^ = Alean fibre length (inches) 

A'”, = Fibre weight per inch (10- ® oz.) 

It was pointed out by them that, ■when both fibre length and fibre weight per inch were taken 
into account, the prediction formula agreed with actual results w'ithin 10 per cent in 44 cases out of 
100 and within 20 per cent in 7'6 cases out of 100. 

Hiibsc<(uent to the above investigations, the technicpie of determining fibre weight per inch 
undcrwi'iit a cliange in the 'i'echuoiogical Laboratory, Matunga, and, as such, it was deemed neces.sary 
to work out til*' above formulae on the basis of new' records for fibre weight per inch. As a result 
of studies on 1.53 samples, Nazir Ahmad [1941] evolved the following formula for predicting 
the spinning performance of Indian cottons on the basis of the above mentioned two major fibre 
properties; 

AA =78-9 A, -79-2 Aj- 24-8 l2) 

, : ' 55 
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within 20 Iti-e 

Ka;^if Ahnia.l [1 341 ] further rtated h.t ^ of 100. 

‘I';' '"'ii.an .'.^ttons iuto four major fjroupA' viz '(if infe“T“" ''"T 
nOexot . I rains, and (iv) srtaii. p^cuhlr^r hil j «l-in..: 

:;;;;;; ;:*;l;;!;,.;;;;;;;';';f '■». .«. .... ,.r ,„.,i,. i 



';<^Jl*n.tK.s. It W'as. therefore, felt worthwhile to find out wS'i on their l)ioJooifal 

t leir h<.hui.c.al elnssification might not improve the officienev "1 ol' 

el.-i.sses of cottoas. * aiiucncA «f the prediction fonnuln for certain 

Iliitcliin.soii and Ciho.se [1937] cla.s.sified the o-en.w r ■ 

etc.. ..,,nd .showcnl that thi Bani (Gam-ani) oottr^^^ t'voIntiumuT 

lioni ihc north Indian Hrhoreiim.s helongine to the class G / •/ •'■'laid State were (|uitc diirereiir 
Suiee the resuit,s of fibre and spinning te-sfe cm^Sd m f t t 

logical .Lal)(H-.a.toiy, Matimga,. were available, an attempt has twVnI? T- «!■ the Teelm.-- 

egre.ssiOM ol the fibre propertie.s on the .spinriin-r value and loVv oh e i to .study tlie 

JbtBin-OTION OP ,SPrNNI^m 

During the period 19-32-1941 111 samnles r,r n, ■ /r. - 

a. arWei/w var. aegfertma forma iUien wm-e i^.sted fW theh fib^ ’’f “'ging to the gromi 

w the ieelinologieal Lalioratory, .Watiuio'a The aviihbl/. i 

diction I•^rm,lla for the.se ootton.s, Acem;iind^~^^^^^^ to e'voivc a, pre- 

(1) mean fibre length (inch), and (2) mean fibre weioht pei foeh "'''’'i ''"'"’'’•‘’O’" ''"‘Dv.-en 

actual v-alues of standard warp counts on the othei-; tli results ofoaineV 

A .study of the mean fibre length data of these . “ T'lble I. 

covered a .small range of mean fibre length and Vs nri‘ .^loved that a large nui-nber of tliein 
msults wouhl he obtained by omirtingle nl s o 'fit 

obtaiimd (Table 1) did not differ ^ignifie.ai tir oni h^ i U " 

i’his feature mdieale.s the homogeneous na .ure'ff 1.,™ p ' -""PJ-. 


Table I 


Cor, 'elution coeffiemUs between 


mean fibre hngth ani mean fibre weight 


Correlation coefficients between 


Mr H^s.w.a „ 

. I Mean fibre length (inch) , 

I Mean fibre weight (10 - « oz,) 

dfi'J . 

'!;>; ' 

I ,1 


rl2 

rl3 

i‘23 

rl3‘2 

rl(23) 


l^or III 
Cfaorani 

samples 


+0'343 
~-0'603 
— 0'026 
— 0'G86 
O' 7.30 


j - of the biological grouping. taken collectively, i.e.. irrespecri 


Tor 93 
Oaoraiii 
Ba,mples 


'+0‘36I 
"-0‘673 
— 0-02^ 
—0*712 
0'7r)(i 


bj 

irrespective 


I] 
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Table II 

Oarrehdofi coeffiedentg between Jiighesi simwhnltvarp mmts and fibre length mid mean fibre-weight per inch 


Between klgliesfc standard warp count 

Turner and 
Yenkatranmn 

Nazir Ah.mad 

Caoran.i samples 
111 

95 sam;plc3 
standard Indian 
cottons 

153 samples 
standard Indian 
cottons 

Fibre length , . 

4.0-87 

+0*89 

. ',40-34 

Fibre weiglit per inch • , , * 

~o*so 

i -^0*83 

, -~0*65 . ' 

Fibre we,iglit and fibre length ... 

-bO-92 

+0-91 

4’0*'7S 


It will be seen from the, above results t.hat the correlation coefficients total, as well as multiple, ; 
are lower for the Gaoraiii cottons than for the- whole set of stan-dard Indian Cottons. Fiirther.more^ 
while the correlation coefficients between the highest standard ■warp counts and mean fibre ..length 
and mean fibre w^eiglit per inch are nearly equal for the standard cottons, the fibre weight per inch 
appears to be more important in determining the spinning performance of Gaorani strains than the 
mean fibre length. This may be an inherent featme of these cottons or it may be due to the small 
spread of the values of mean fibre length for a large number of the Gaorani samples. 

Prediction formula for Gaorani cottons based on the values obtained for 111 Gaorani samples | 
has also been worked out and is found to be as follows : 

Xi==6e5%37 X2~-251-98 Xg+lffilS , . . (3) 

where Xi=H.S.W.C. 

X 2 =Meaii fibre length (inch) 

X^== Mean fibre weight (10 oz.) 

Comparing the actual values of H.S.W.C. obtained, for these samples with those predicted on 
the basis of the above formula it has been found that the agreement within 10 per cent was in 47 
cases out of 100 and within 20 per cent in 82 cases of 100. The efficiency of the above formula as 
compared with those published recently for the India cottons is shown in Table III. 

Table III 

Agreetnent between actual spimiing values and tJwse from formulae for 111 Gaorani strains 


Formula 

Percentage of samples for w-hich actual 
H.S.W.C. does not differ from predict- 
ed by more than 

Nj«78*9 X 2 --- 79-2 Ns— 24-8( Nazir Ahmad, '1941) ■ . . • 

Hew formula (in course of publication) . , , , , * 

Xi=s65*37 X2“-261*98 X 3 4 19*18 (proposed for Gaorani cottons) . 

10 per cent 

34 

42 

47 

20 per cent 

68 

72 

82 


It will be seen that as compared with the older formula the formula given above is likely to be | 
of greater use for predicting the spinning performance of Gaorani (Bani) cottons on the basis of their 
mean fibre length and mean fibre weight (10^— oz.) 
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ABSOEPTION POWER OP PLANT MATERIALS 


By L. D. Mahajan, 


SI.Sc., Pir.D., P.Inst.P, P.E.S.A., 
College, Patiala 


Professoe of Physics, Mahenbra 


(Eeoeived for publication on 22 April 1946) 
i (Witli two text-figures) 

■ COME years ago, Ramdas and co-workers [1938, 1939] investigated tke phenomenon of exchange 
k^of moistme between the air layers near the ground and substances like the soils, plant leaves seeds 
etc. exposed to the atmosphere. They dealt with the grains of wheat, paddy, bajri, jowar, etc. It 

j was obsetwed that the plant materials exchange moisture with the atmosphere sourrounding them. 
The moLSture content m them was maximum at the minimum tern peratme epoch, and minimum 

■ at the maximum temper^ure epoch. ^ But now the author has studied the absorption power of the 

, plant materials, such as Patiala chillies, their seeds, cover, vmod and leaves in their natural forms 
: effects of their age, the percentage of humidity of the surrounding 

' ® other physical conditions on their absorption power have also been studiedt 

, Their absorption pow has been compared with those of the soils and other plant materials and 

, Borne interesting results have been found. ^ anu 

I Classifications 

TL of Patiala State is one of the best centres of large production of chillies. 

The chillies of this part ^ the country have been divided according to their physical pronerties 

unto four classes, namely, PTl, PT2, PT3, and PT4. i properties, 

(i) PTl. These chilhes are long, thin, and yellow. Their length varies from about 7 cm. to 9 cm 

and diameter from about 0-5 cm. to 1-0 cm. mu. 

They are long, thin, and red. Their length varies from about 7cm. to 9 cm. and dia- 
meter from TO cm. to 1-5 cm. 

. ft f f long, but are tliick and red. Their length varies from about 

6 cm. to 7 cm., and diameter about 1-5 to 2-0 cm. 

(iv) PT4. They are dwarf and red. Their length varies from about 3 cm. to 3-5 cm., and dia- 
meter from about 1-5 cm. to 2-0 cm. uia 

+L IV iiff chillies of Patiala State were also examined. They are divided into two classes i e 
the big and the small ones. ‘-m 

(i) Big chillies. Their diameter varies from 3 cm. to 8 cm. and length from 3 cm. to 10 cm Their 
cover j comparatively much thicker. They are much less hitter than the others and are either green 

; (ii) Sfmll chillies. They are small in size. Their length varies from 3 cm. to 5 cm. and diameter 
from 0*6 cm. to 1-5 cm. Their cover is thin. They are very bitter and are generally red. 

Apparatus 

In order to study the hygroscopic properties and absorption power of the chillies, the air dried 
chillies in natural form were keph in glass chamber wherein the relative humidity could be altoS 
according to the requirements. For this purpose, the author [1940] used his old apparatus which 
he had devised for the study of absorption of moisture by soils from the moist air. In each case 
the period of exposure to the moist air was 24 hours. ° ^ 

Method 

The power of absorption of the substances was calculated in percentage for maximum increase 
of humidity. The following fortaula was used ; ^-^Aimiim mcrease 

Power of absorption=W x 100 

W 

where w k the increase in weight of the substance for maximum change of humidity and W is the 
initial weight of the substance at Q per cent humidity. ^ " 



ABSOEFTION-?OWER OF PLAHT MATIEIALS 


■ OllS'EEFATIOJ^S 

By the use of this apparatus, the' following observations (Talkie 1 ) were recorded. Table I shows 
percentage of increase of w^eight of Patiala chiliies by absorption of inoistiire from the moist air for 
maximum change of hnmidity of the 'surrounding air but other conditions remain the same. 


. ' ■ Table I 

Pereentage of increme of weight of Pat inla cMUm by ubsorptmi of water, from moist air. 


Material 

Qtaality 

Increase in percentage 
of humidity 

Percentage of 
absorption power 

Chlllieg PTl 


Presk . 



0 to 100 

26*0 

„ PT2 . . . . 


v» 




27*0 ^ 

PT3 






27*5 

„ PT4 .... 






27*4 

„ PT3 . . . . 


One year old . 



9’^ 

■7*0 

„ FT4 , 





9$ 

5*0 

CMilies wood , ' . ' . 


Fresh . 



99 

10*0 

„ leaves ' , . ■ . 


»» • * 



99 

14*0 

,, wood , , . ,, : , , 


Powder 



$9 

12.0 

,, leaves , . . 


»> • 



■ 

24*0 

Pill oMllies (big) . 


Fresh . 

■ . . 


3*^ 

■ 30*0' 

„ „ (small) 


»» • • 

• .. 



' S9*0 


In order to study whether absorption of moisture is mainly due to the cover of the chillies or| 
their seeds, the experiments were performed with the same apparatus. The observations are given; 
in Table 11 which gives the percentage of increase in weight of the seeds and the cover of the chiiliei 
by absorption of moisture from the surrounding air, when the relative humidity of the surrounding: 
air increases from 0 to 100 per cent the other conditions remaining the same, , ■ 1 


Table II 

Percentage of inmmse in weight of seeds and cover of chillies by absorption of moisture from 

surrounding moist air 


Material 

Part 

Increase in percentage 

Percentage of 

of humidity 

absorption power 

Patiala chillies 




Cover . 

0 to 100 

31*2 

Hill chillies 




>» • • • 
Seeds 

s» 

35*0 

Patiala chillies . . . 

, 



»» ' ' 

19*6 

Hill chillies 

• 



„ .... . * 

>» 

J 

16-2 


Discussion op results 


Table I indicates that the chillies absorb moisture from the surrounding air when they ar« 
f exposed to it. They behave like other plant materials, such as, wheat, paddy, etc., which ex- 

change moisture with the atmosphere surrounding them. A comparison of the results obtained 
by Ramdas and C6-workers [1938, 1939] with the obser%^atioiis given above in Table I shows that 
the chillies absorb much more moisture from the suiToimding air than most of the other plant mate- 
' rials. The average maximum amount of moisture which the chillies can absorb is about 27 per cent. 

It is very high power when compared fco other various kinds of plant materials, such as, grains of 
wheat, paddy, cereals, etc., and their leaves. 

^ The comparison indicates that the chillies behave like soils. The dry plant-materials of th« 

chillies exchange moisture with suiTounding atmosphere like the soils, and have higher absorptioa 
power than that of the soils which have been already studied by the author [1940] in one of his pre- 
vious papers. The absorption power of the wcsod is much less than that of the leaves, and the leaves 
havcaf much less power than the chillies. 


J 



The powder of the chillies is very hygroscopic in . character. Its hygroscopic power is higher 
than that of chillies in natui’al form. The hygroscopic power of the pow^der of the wood of the chillies 
is 2 per cent more than that of its wood. Similarly the hygroscopic power of the powder of the leaves 
is almost double than that of its leaves in natural form. Thus the powders of the plant materials 
are much more hygroscopic than the corresponding plant materials in natural form. The material 
produced by crushing of the fresh young plants has been found to be a better absorber of moisture 
than that of the old and well grown up plants. The powder of the seasoned wood has very little 
absorption power. 

This seems an important result for it shows that the finely powdered dry plant materials pro- 
duced by crushing of the young plants, preferably the leaves, increases the power of absorption of 
the soils yrhen mixed with soils. It reduces the frequency of watering the soil, and thus may reduce 
the cost of irrigating the land. It may also help in dry farming. The powder of the cow dung cakes 
serves the same purpose as well. This result has already been discussed by the author [1942] in 
one of his previous papers. 

Table I indicates that the maximum amount of moisture absorbed by the chillies varied slightly, 
i .e. from 25 per cent to 28 per cent. The chillies PT3 and PT4, which are thick, absorb more moisture 
than the others. Thus the thick covering absorbs more moisture than the thin ones. 

The same table further shows that the chillies after about one year have very much less absorption 
power than when they were fresh. Thus the age of the chillies affects their absorption power. The 
older they are, the less is their absorption power. 

Table II represents that the cover of the chillies has about twice the power of absorption 
of their seeds. The cover which is very delicate and soft, absorbs more moisture than their seeds 
which are hard in texture and heavy in weight. Thus the cover of the chillies is most hygroscopic 
and the wood the least. 

The cover of the big hill chillies is much more hygroscopic than that of the chillies of the plains^ 

It is further, found that absorption of moisture increases with the increase of humidity of the 
surrounding air. This result is similar to that of the soils. The relation is not exactly linear. The 
rate of increase of weight by absorption of moisture is heigher in the beginning than at the end. 
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The rate of increase of weight due to the absorption of moisture with respect to time was also 
studied. It was found that this rate is not regular, but decreases with time. Figs. 1 and 2 show 
the general relation between the amount of absorption of moisture and time of exposure. The re- 
lation is not linear but logarithmic, like that of the soils. 

The following conclusions have been derived from the above : 

(i) The amount of moisture absorbed by the chillies varies according to their variety and the 
locality of their growth. The plant materials of the hills having high humidity are more hygros- 
copic than those of the plains. 

(ii) The thick chillies absorb more moisture than the thin ones. 

(iii) The power of absorption of the cover of the chillies is about twice that of their seeds. 

(iv) The absorption power of wood is much less than that of the leaves and the absorption power 
of the leaves is less than that of the chillies. 

(v) The powdered plant material is more hygroscopic than the plant material in natural form. 

(vi) The chillies like the other plant materials behave like the S 9 ils, but they have higher power 
of absorption than the soils and some of the other plant materials, such as grains of wheat, paddy, 
jawar and bajri. 

(vii) The absorption increases with the increase of relative humidity of the surrounding air. 

(viii) The rate of absorption decreases with time. It is higher in the beginning than at the end. 

(ix) The dry finely powdered plant materials produced by crushing of the young plants, when 

mixed with soils, increases their power of absorption. Thus it may reduce the frequency of irrigating 
the land, and may also help in dry farming. ^ 


i 

i 
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(x) Tlie age of the plant materia] decreases its absorption power, T 
less IS its absorption power, , 
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^ selected ARTICLE 

DlODORIZATION^OF SYpP MADE FROM 
iMOLASBES AND OUR* 

By J. G. Sheikhande and Ram Dev, OigaiuG Chemistry Department, Imperial Institute 

ot bugai Tedmology, Cavmpore 
(With one text figure) 

FndtLed r'',“ •?' "f »j™p. 

this tr.d» after in some w.v reniovin.. tiio eg odour Tim tv'n’' " "“g ““ 

.Ine to the presenee of an 'essential oil in a'wif iL g o’L, '■Sgi flVengVg 'g"™ 7"““'''' 

;;::;o™™T3r;,rt:rg,"'"'Y''f”7«^ 

:«i: tir:lg':i3,„„?.„7& r'"'"' "'i i""* 7 

rx-usrf””"" --rSmTfnr 1 :™^ 

or.te.m\listfflSon7g?rogg3SZ‘td 'eheS““t“‘r'''', 7 “f'’''""" 

Kh.nds.ri mola^es dero7of ar^aroga .gd Zlr Sr!"* 7' f '"P and 

embodied in this comm.mie.tion daK* wmpatable to sugar syrup are 




Experimests 

I. Khdndsan ttiolcissea. 600 cm. of inoi8‘?<iipi? aft-nr , -i-i 1 . 1 ,.. .. 

tt the tests both i the disieS 

Table I 


# .■' 

Colour 

Odour 

Reaction to 
litmus 


■Titrable ■ acidity 

(I) Steamed molasses 

Dark 

light molassic 

No marked 

6'80 

(Gm. NaOH per 




change 


1 000 c.c* distil- 

(2) Molasses steamed in 





late) 

presence of kaolin 

: 

I 39 

- 33 

MO 


(3) Molasses steamed after 






kaolin, treatment 

I ■ ” 

33 

I Acidic 

■ 5‘50 




CoTrespamlin gdisti 

lllatu 



(!) Distillate 

(2) „ . . . . 

Light orange 

Penetrating 

Acidic 

4-40 

0-135 

(3) „ . . . . 

»> 

33 ■ 

■ >> ; 

4*70 

0T2S 



*» 


4‘67 

0-128 


chloride indicating the pr»I.ro>7ZTd. :rti7S^ ““ 

.td,ir:Zht"s\:r“ 

a saving in the steaming process. within an hour ; this amounts to 

* Reprinted from the XIV Proceedings Part XI of the Sugar Technologists Association of India 
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Effect of sulphite during steaming ofKkandsari molasses on the odour of final syrup 

Fsom previous experience connected with the effect of sulphur dioxide on the colour of edible < 
syrup from Khandsari molasses (1) it was considered desirable to see if sulphite had any direct effect 
on the colour and aroma of the steamed molasses. In order to test this sodium sulphite was added 
at the rate of 1 per cent on the weight of molasses to be steam distilled. The results are given in 
Table IL 

Table II 

Effect of sodium sulphite on steamed molasses 



(1) Steamed molasses » Deep x^ed 

(2) Steamed molasses with NaaSOa ..... ,, 

(3) Steamed molasses with NagSOs after kaolin treatment . Reddish 


Corresponding distillates 


Molassic . . Over 8*5 

Sweet like cane Over 8*5 
juice 

8 - 6 „ 


I 


(1) Distillate . 

. 

. 

. . . Yellow orange 

. Pungent 

' .44' 

(2) „ . . 

. 

. 

, . . Deep orange 

. Less pungent 

54 

(3) „ . . 

• . 

• . 

. . , Yellow orange 

(1) 

34 


Results in Table II clearly indicate that sulphite during steaming effected tlie bodies responsible 
for the aroma of Khandsari molasses as the steamed molasses with sulphite treatment developed finally 
a sweet cane juice smell devoid of any molassic odour. It is possible that the essential oil responsible 
for the typical aroma was reduced by the sulphur dioxide produced from the added sodium sulphite. 
The colour too appears to have been bleached by the sulphur dioxide. 

The steamed molasses was then treated with activated char and filtered through a layer of kaolin. 
Sulphur dioxide was then bubbled through the filtrate to effect further improvement in the colour 
of the sytup which was finally concentrated on a water bath to 82^ Brix. The final syrup had a pleasant 
odour and a sweet taste unlike the molasses. ^ 

II, Out, Gur was also treated on similar lines as the khandsari molasses to give deodorised 
syrup. The effect of direct steaming, after treatment with kaolin and subsequent steaming in pre-- ^ 
sence of sulphite ^as the same as in the case of molasses. Table III contains some selected data. - “ 


4 ifhi 

1 If'li 


Table III 

Effect of different treatments and steam distillation on the odour of gur syrup 


1. Steamed gur syrup . , . . . , . Red . . . light gur . 

2. Steamed gur syrup with NanSOa , . , . . Light red . . Sweet cane juice , 

3. Steamed gur syrup with Na2S0 3 after kaolin treatment . „ , . „ 


Gorrosponding distillcU&s 


1. Distillate 

• ' 


• 

V 

r 

• 


• 

Yellowish . 

Acrid and gur t 
odour 

■ 34 

2. 

• ' 

► ■■ ■ , 

, 


, ... ^ . 




Almost colourless 

Almost odourless 

4*5 ■- 

3. 

* 

* . 

1. 

* 


* 

• 

.• 

79 * 

Odourless . 

4-6 


It is clear from these tests that kaolin treatment followed by steam distillation in presence of 
sulphite completely deodorizes the symps made from Khandsari molasses and gur. The pH values 




BEODOmZATIOX OF SYRUP MADE raOM Mra.-ISKKS 

"uTiiTuE/'"'* coM-esponrlmg distillates show that, tha aci.l 

'^.s a?, I sh ! ^ l>.r the sa.n.: 

■ess-irv'i s7„ V ■ 'J., ■■®‘ pos,sible from Kliandsai 

uf'H tm- ^ ° the wlxole process a„ri a few other 

utattiju. Accordingly experiments were conducted on gur to 

process adopted ,so far the sequence of treatments was (1) steamii 

I J urwt extent inuerHion occurs is contained in TaKL, nr 


(2) sulphur dioxide 
s necessarilv cause 


TABXaB IV 

vemoH after each operation in deodorisation 




negligible. Whatever inversion therefore 
syrup. This is of course due to the pre- 


■ I. It indicates that m 
is therefore not advantagi 


eStArtOHSR® atTWE-iR HJV£l 6 a 0 R,»EtRtO 9 Of STEAMtwa. 


t Tine «F V!r«A«IH6 '*in moum' 

TlO. 1. Relationship between 


inversion and period of steaming 



j In gur 

yri/; 

In syrup after ; 

1 i hi\ steaming 

After SOg 
treatment 

InTert sugar . . . 

Ill version on SfAnminnr I’m. 1 1 

10*78 

11*26 

15-34 
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WepanMon mid amly 

ste-ini^Hkilui'f was made into a paste with 200 c 

to 60“ ^1 S®ntle suction. After steaminsr the I 

to 60 - Ihe steamed syrup was then treated with activated char ami 

dilate fe filtrate till the colour changed from rerhlish yell 

Uliutc S\riip was iinallv +,-v « k,,:... -.i? -A- 1 . y^Ji 


Yield of 


Brix 

Sucrose . 
Jteduciiig sugar® 
Ash 
PB 


Jiom tne a Dove data the quantity of recovered o?i 

,s „„clo.bt.dly <1„, t„V..dl4 A. 4™” op 
m the gur which are removed during filtration of the steam 

.no. of deodorized syrup fro 

rose, ^ they still did not crystallize on standing. This 

ol golden syrup prepared from sucrose crystallized with 60 
theiefore made for the cause m view of its great technical 

aeoctorized gur syrups which had shown si^ns of crvsta IK '""'I ul a niimoer c 

found that sulphur dioxide was the chief f.ent XwiS 

gatioiis It may be said that sulphur dioxide serves three mitiJ these invest. 

/2) acts as a sterilizing agent, and (3) prevents orvstfllll^^f colour of the syrur 

tion of sucrose in the syrup. ^ crystallization even in the presence of large concentra 

Effect oj sulfiur dioxide on crystallisation and stability of the syrup 

trat j «»“■ 

which remained fluid for a number of months snd ikL.^’ i certain samples of syrui 

examined for their sulphur dioxide content by a new mp+K'^l”f crystallized on standing were 
which did not crystalhze for three iZtSfwt fS?f ^ ^ 

and subsequent treatment with kaohn crystalhzed almout ' ^c^^^ion for 2 hours 

that sulphur dioxide was mainly responsiblehor keepinff this clearly demonstrates 

Sulphur dioxide content of five represenJativP^^ f 
the range of sulphur dioxide which may^be useful in m of 

sented a final concentration of about 0-7 per cent sulnhu. Prom the data pre- 

nystallization in a syrup containing sueros^e to the extent suflicient to pre4nt 

sulphur dioxide will be considerabk reducS when thpr« 60 per cent. Concentration of 

a aniall quantities.. Further in thJ aerated water industrTwf dilute forms and 

le used with advantage in coloured drinks whatever siflS,^ where the deodorized gur syrups can 
le displacedTiy the charge of cai-hon dio-xide p,w?iL introduced in the drink will 


' cimuuncea to b«-25 per cent. Some 
operations and other extraneous im 
am syrup also contribute to this loss' 
from gur contained nearly 60 per ce 
was unusual because almost every 
"" per cent of sucrose in it. A seare 
importance on analysis of a mm 
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DtODORiZ ATION OF SYBUP MAI>E FROM SI G LASS ES 

Table VI 

of svlpJiur dioxide concentration on crmtcdlkation 


m 


lor (.'eiit yiilphiir rJiaxMe in svrup 


! iSh mple wldeh 
did not 
* rvat 'illize for 
h mouths 

i iSain pie which 
did not 
e.r3hsta.llizo:for ' 
4 inonths 

Sample which 
did not 
ory^tallize for 

2 mouths 

i 

' ' Sainple wFIclr crystallized in 

,15 dai^s 

10 days 

.2*21 

hm 

0-78 

0*57 , 

' 0‘27' ' ; 


PUV in tl.n fi , f 1 < W j nose M-no nave a .lislike for gnr flavour ean use 

J’-e the in, in I '' ■"’'’''“r' cheaper than golden svrop. (2) durin.^ su«ar short 

profitahly util'izkl. ‘ ^ ^ deteriorated during storage can be 


Cost of production 
1 per md. 


Lll i? ofliglit «>Iour @ Be 

distinution and final ronrentratkm 
(d) liaoim (di 5 annas per lb. 

(4) Sulphur dioxide 
(o) Overhead charges 

8\ y*<-^d from 10 md. giir equivalent to 8 md. nearly 

tost per lb. of deodorized sjvrup ™ nearlv 1 aniia. 


= Rs. 10 0 0 
— Rs, 5 0 0 
= * Rs. 2 8 0 
=s Rs. 5 0 0' 
== Rs. 10 0 0 

= Rs. S2 8 , 0 


Summary ' 

Tile nrir-eS^in f deodorized svrup from Khandsari molasses and gur has been described 

theii^tenn, oi making a paste of gur in water of the consistency of a porrido'e and 

if ; time all the volatile bodLs ofesent « if 

f f3n”lv r '"'"if - Tbe steamed syrup is then filtered thf ligh alajf 

syrnp ioi ff m T ■! '"l'’ '^^^^,fb"’‘P"‘ti.es thereby improving the colour and the colour of the 
dioxide throiifrlifi' Fir 1*”’"' x!)*^ then finally improved by drawing a stream of sulphur 

’ Th'e effect of 'srlf n r"’"' i “^d by concentration in basins or under reduced presJire. 

wiioh iir s" 8“ 

it into <‘™“S “■> it* ptofitobly ntilized by converting 
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PLANT QUARANTINE NOTIFICATIONS 

Ao. f.., l:ilS-PP., ioMtU 0 mm, mm. of India in die Departmens 

laud Pests Act, 19«Vl on914)*theCOTtrri G™4mUit i^etef'Tt* **‘’1. lasects 

ther anieiKlineiit shall he made in the order niihli'c.}! rJ direct that the following fur- 

sliill. hrinirted'^'" words “ or the Kalat State ” 

Nome^iMo. P.«/«-PP.. doled ofile Omm^enl of India in d. S^n- 

(II f r‘ "T 

in the notification of the Government of India in the Dentirt + r ^^s^Biendment shall be made 
dated the 16th February 1946, namely -Department of Agriculture, No. D.22-1/46-P., 

In the said notification, for the words “ British TnrHa Pi i u , ^ 

• shall be substituted. wrds “ the Province of Madras ” ^ 


ORIGINAL ARTICLES 

A STUDY ON THE EFFECT OF CULTURAL FACTORS IN TRANSPLANT 
PADDY ON THE BEHAVIOUR OP SOME PLANT CHARACTERS 
INFLUENCING THE YIELD 

By S. Heday'BTULlah, K. P. Roy aad S. Sen, Botanical Section, Agriciiltoal Research Station, 

Dacca 

(Received for publication on 30 January 1946) 

(With one text-figure) 

P rincipally there are two methods of paddy cultivation which, are practised all over th e: 

paddy growing tracts in the world. One of them is sowing of seeds directly in the field by 
broadcasting and the other is transplanting of seedlings which are raised in nurseries. In Bengal 
the former method is practised for particular classes of paddy (highland and lowland Aus and long 
stemmed paddy) depending on particular situations of the field. The cultivation of the main bulk 
of the pacidy crop of Bengal is done on semi-low land. 

A detailed analysis brings out that the important cultural factors which come into play in the 
transplant method of cultivation are: (i) Age of seedling at the time of transplantation, (ii) Date 
of transplantation, (iii) distance between transplanted seedlings, (iv) Number of seedlings trans- 
planted per hole in the field, and (v) Treatment of soil both in the seed-bed and transplant-field. 

The object of the present experiment has been to find as to how or to what extent variations in 
a few of the cultural factors impinge on the various yield-contributing characters of the rice plant 
to produce a significant impression. 

Material and method 

The experiment was undertaken with a view to study the effects of three cultural factors, namely, 

(i) strains of winter rice of varying duration of life, (ii) varying mmiber of seedlings planted per hole, 
and (iii) varying degrees of spacing between holes, on the final expression of the following plant 
characters : (1) Number of fertile tillers per plant, (2) Number of sterile tillers per plant, (3) Height 
of the plant, (4) Lengtli of panicle, (5) Extent of exertion of panicle, (6) Total number of spikelets 
(or ijrains) per panicle, (7) Ratio of full spikelets to unfilled spikelets per panicle, (8) Weight of 100 

Variants under the three cultural factors were as follows : 

,'L Rice, strains : 

(1) Latisal (span of life, 135 days)* 

(2) Tilakkacliari (span of life, 150 days)* 

II. Number of seedlings planted per hole : * 

(1) Single 
(2) Local(3to4)t 
III. Spacings : 

(1) C inches (15*24 cm.) 

(2) 9 „ (22*86 c.m.) 

(3) 12 „ (3048 cm.) 

(4)15 „ (3840 cm.) 

*Inciuding nursery life of 35 days. 

tTho latter practice is in vogue among the local cultivators and has therefore been designated in the paper Im ‘ DocaP. 
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1 Seedling 
3-4 Seedlings* 


1 = 6 in« 

2 = 9 in. 

3 = 12 ill. 

4 = 15 in. 


= Latisal 
= TilakhacJian 


Area of sub-plot =' 9 ft. x 9 ft. 

Footpath round the sub - plot = 2 ft. 

Fig. 1. Diagrammatic plan of the experiment. 

Seeds of botk the varieties were sown in seed-beds on the 16th June and seedlings ware trans- 
planted on the 21st July, their age at that time being five weeks. 

When the plants were almost mature a row of marginal plants was rejected from all the sub- 
plots and’ among the remaining plants in each 20"^ were labelled at random for niakiiig obser- 
vations on different characters. The position of e^ch of these 20 selected plants in each sub-plot 
was determined with the help of Tippet’s random number series. 

The following observations were recorded in the field on the 20 labelled plants and the average 
per plot was calculated from these 20 observatipns. 

(i) Number of fertile tillers in each plant (i.e. in each hole). 

(ii) Number of sterilef tillers in each plant (i.e. in each hole). 

(iii) Height of the plant in centimetres from the ground level to the tip of the flag-leaf on 

the main (tallest) tiller. 

(iv) Length of panicle measured in centimetres on the main (tallest) tiller from the lower- 

most node of the rachis to the tip of the panicle. 

(v) Extent of exertion measured in centimetres on the. main (tallest) tiller (From the jiioc' 

ture of the flag leaf to the lowermost node of the rachis). - 

(vi) Number of spikelets per panicle on the main (tallest) tiller. 

^ *In the experiment different numbers of plants have been, put' in a hole as such, it would be more correct to 
designate a plant as “ plant in a hole But for the sake of convenience wo have, on most occasions, stated in terms 
of plants rather than plant-holes, although we have meant the latter unless uf course speciticaily mentioned. 

f Tillers that are produced <|uite late in the life of a plant do not bear ears and have therefore been termed as sterile. 


; Taking thest . eight factorial variants in combination there ' were 16 v(or 2x2x4) di,:fferent treat- 
ments.. Each of these treatments was replicated four times in four blocks., giving a total of, 64 unit 
plots. The area of each unit p.lot was 81 sq. ft. (9 ft.X'9ft. ) with 2 ft. wide alleys .runiiing .bet'ween 
them. ' The experiment waslaid out on.a plot 'of land in a semi-low'- ravine having clay loam .soil 
as is typical of,' the transplant- Amai?/ rice lands , of Madhiipur jungle ' tract in the district of 
■D.acca,. ' The.'Seleeted plot was remarkably uniform in fertility as , was' ascertained from .the previous 
observations of crop performance on it. 

,■ ■ The design, adopted for .the experiment is one -of the split plot type with strip treatments. Tlie.re 
are . four different plot skes : ■ (1) Seedling treatment plots in horizontal strips, (2) Spacing treat- 
ment plots in, columns, (3) Seedling X' .spacing treatment plots consisting of half columns, and (4) 
Ultimate sub-plots for varieties. The layout of the experiment is shown in Fig. L 
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A STUDY ON THE EFFECT OF 


■'CoiTU e A I icu;?^.roics 



at the time of liarresting. 

The foIJovviii^^ observations on the grain were taken in the laboratory. 

of 10 grains taken at r^ndo.n from each bag (i.c 

mSre. The air:! r oii»i«’etres with screw-miho- 

piiFifr 1 f \i ■ and tliicJmess of grain for each pJant were cai 

were rnir* iT.L Th i thickness, the plot averages 

the pick" ^ Product of these three cljiuensions gave the volume of grain for 

taken from each of t Tp r L! f'l ten random lots, 

fromaiiloi ■\n fit contairuiig the grains of all the 20 plants 

mcut'codd'uc'lmd fim “ '“!■ ‘'“t- 

Sl’ATlSTICAX, ANALYSIS OB' DATA AND DISCUSSION OF RESULTS 

. le ana yses of variances for all the characters studied are given in Table 1. 

Table I 


Analyses of rarianees 


I. 




yourres t>f varmttctf 


Blofk , 
oi' sethUing 
Error . 

( lAneai 
Qimaviitic 
Cubic 

, .Error . 

Seedling x Spacing 
Error . 

Variety. 

Variety x Seedling 

Varittty x Spacing 

\ arioty x Seedling x Spac- 
ing 

Error , . . t . 

Total . . . . 


VARIANX'ES 


Degree 

of 

l'rei;<lofi 

1— — V ■ ' , , 

0) 

Xu. of 
feriije 
tiifer.s 
per pinat 

(ii) 

N<». of 
sttfrile 
tillers 
j/er plant 

(iii) 

Height o 
plant 

(iv) 

f Length r 
pa in cl p 

(V) 

T I'A'fcni o 
oxertion 

(vi) 

No, of fn 
r »pi lielotvS 
per 

i*anie]o 

(vii) 

liaiio ftf 

H x’uii to 

1111 filled 

spikelet^: 

|)er 

panicle 

3 

2-lU 

0*49 

8-JS 

10*17 

1-28 ' 

1 1S9-54 

■ 

' 2*98 

1 

4*17 

0*01 

109*40 

22*00 

0-40 

227S-0 4-f 

■ 12*25 

3 

0*49 

0*31 

204*90 

20*78 

MO 

40-00 

- . 

1*58 

1 

lofia-fiif 

n-82t 

151*2 if 

12*48t 


1075)8*8 It 

0-00 

1 

7*45 

0*00 

3*85 

5-551 

0-02 

398*85 

0*02 

1, 

1-40 

0-03 

158*051 

1*07 

0-04 

305*59 

2*31 

0 

2*21 

0-54 

12-SO 

0*98 

0-70 

157-25 

5*69 

3 

5-7<}t 

0-44t 

2*37 

3*30 

0*53 

151*73 

5*70 

9 

0*37 

0*04 

S*90 

1*24 

1-50 

307-70 

2*91 

1 

78*3f5f 

0*75 

3S90*(Ut 

0*02 

123*8St 

4297-051 1 

i49*51t 

1 

3-44 

0*02 

3*59 

10-7GJ 

0*94 

18-99 

0*00 

3 

5*24t 

O-OG I 

3*40 

1*39 

0*00 

41*00 

4*29 

3 

1-07 

0*03 

9*02 

0-52 

2‘4S 

57*24 

10*58 

24 

1*06 

0-27 

12*82 

3*74 

0*91 

235*01 

5*14 

03 

' '■ 


1 



. 1 



t Significant at 1 per cent level 
? Significant at 5 per cent level 


(viii) 


Weight of, 
100 grain?, 


0*01 

0*00 

0*01 

0‘002 

0-00 

0*005 

0*01 

0*00 

0*00^13, 

l-33t 

0*00 

0*00 

0*00 

0*01 


(m 


Volume of 
grain 


3*20 
4*29 
34-47 
0*24 
0*12 
1*51;: ■ 
18*88 " 
6-16 
10-30 
2109*45t 
is-as 

c*ii 

12-74 

17 02 


Ij 


W 
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(i) Number of fertile tillers per plant 

TMs is perliaps tte most important of the factors whicli make up the yield of the plant. 

The primary results are shown in Table II and significant interactions in Tables III and .IV. 

Table II 

Amrage number of fertile tillers per pUctnt 


No. of seedling 

No. of fertile 
tillers 

Spacing 

No. of fertile 
tillers 

Variety 

No. of fertile 
tillers , 

Single 


9-78 

6 in. 

4-96 

Latisat. 

' . 11-14 

Local 

, 

10-29 

9 in. 

7-67 

TilaMacImrL 

8-93 




12 in. 

1 ■ 11-72 






15 in 

15*80 



3Im7i 

, 

10-04 


10-04 


10-04. . 

N.i?. . ' ■ - . '■ 

, 

0-12 


0-37 


0-18: 

C,D. at 5 jier cent 

• 

0-56 


1-19 


0-53. . . 


t/ 


Table III 

Number of seedling X spacing {average number of f ertile tillers per plant) 


No. of seedling 


Spacing 


♦ 

6 in. 

9 in. 

12 in. 

loin. 

Mean 

" Single 



5-00 

7-88 

11-58 

14-67 

9-78' 

Local 

. 

. ■ ; . 

4-92 

7-46 

11-87 

16*93 

10-29 

Mean 

, 

■ . 

4-96 

7*67 

' 11-72 

15-80 

10-04, 


N.E.=0-22 


0.1). at. 5 per cent =0*00 


Table IV 

Variety X spacing (average number of fertile tillers per plant) 


Variety 


Spacing 


a9.^.=0-36 


G,D, at a per cent =1*06 



6 in. 

9 in. i 

1 

12 in. 

15 in. 

Mean 

Latisal 


5-49 

8-39 

13-12 

17-56 

1M4 

TilaJckac%ari 

. ' " ■" .. " 

4-43 i 

6-94 

10-33 

14-03 

8-93 

Mean 

' " 

4-96 

1 

7-67 

11-72 

15-80 

10-04 


Number of seedling. This factor has got no significant effect on the number of fertile tillers 
per plant. Table II shows that as was reasonably expected the number of fertile tillers in the local 
method of planting (3 or 4 plants) is slightly greater than that in the ‘ single ’ (one plant). If, 
however, the tiller per plant (not per hole) is compared in both the cases, we find that ‘ single ’ 
which produces 9-78 tillers is much better than ‘ local ’ producing nearly 2-91 tillers per plant. Our 
results concur with those of Jack [1921],paJvo [1927] and Haigh [1938]. 
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A STUBY ON THE EFB'ECT 

12 in > <fli This'^^*!**^ *'^ers per plant varies directly with sjiafin*', 

«... .■;;™ii „n;,«. £r;.,;" “r;;:;;;',"";' i“ 

i..ff. TliL.r(.f..i'c' ;i grfitter .list'iiioo i.iii.it (.oic ■ 

tile better growtluiiiil fie velopiucBt of ' i-C ' eeiviroiifuerit 

of tillers. ic-vciopnicnt ot the plant a.s partly retkctod in «« prn. iu.-tiun of a hiri 


15 iiL> 
*s|)ac*.io;;»* is ffpparciitly 


for 
Jiiiinbcr 


»tow!t Si""”” ““ "f f*«a« «««.• l.«v pl...t .v«ll a, ,„r .„,o i. 


Table V 


S|>aelng 


it in. 
9 in. 

12 ill. 

15 in. 


No, of tillers 
per plant 

Kntio ■ 

Tlieo.rct-ical 
No. of plant 
■ . holes per 
■acre . 

4*96 

7*67 

11*72 

15*80 

l-OO 

1 35 

2 37 

3-19 

' I741M0 

/ (f440 
43560 
27878 ■. 


Hath . 


iS)0 

<H 4 

0-25 

0*i6' 


No. of 

tiliM’s por 
acre 


SH|. 29 iV 40 

59;I1HJ4-80 

510523*20 

■140472*40 


Batio 


1*00 
■ . 0*68 
0*59. 
0-51 


It may be seen, from Table V tliat if we V.nbo r? m 

increa.se of every three inches over it up to 15 in a coT-risr"’^’'^^^® standard there is, for an 

tillers in the order of 1-00 : 1-55 : 2-37 -a-lq Tr’,; 4 ^ ^ of fertile 

from (> in. upwards being in the descendino’ oVdet* rf plant holes per acre conimencmg 

a.u..i.er „f L«l„ liUcrsV “lo/XlSS ^ ^ ‘i' 

PC d^^cd w,r.„ if f,d. M i„ 

’'SfSSS 'Sm"iSc .SSlLSlSrr '‘"■r'’®' “f “i« 


Interactions. It is seen fmm the ab 4 Vrtahi 4 "X’^rTrf N ?• ' 
with 15 m. spacing in one case and that al Lalisk v^ ^ yoom nuation of local method of planting 
mum number of fertile tillers. “ ^ lo- m the other give the maxi- 

(ii) Nwnben' qj Meftle tillefs per plant 

W ith legaid to this character only an iiiteraetioiml 44n:w.f Lr«f- v xi 

spacing is significant, but since none of the primarv efiepf-.O’ ' • number of seedling and 

tacheddo the observed interaction. " ^ ^ 1 '= significant no im 2 iortance can be at- 

(iii) Height of g)lant 

The primary effects are shown in Table VI. 


Table VI 
Average Jmght of plant in centimetres 


No. oi seedJing 


Single 

Local 


Mean 

C,D, at 5 oer cent 


Heigiit 


131*36 

133*98 


132*67 

1*81 

8*15 


Spacing 


6 in. 
9 in. 
12 in. 
loin. 


Hoigl it 



135*63 

131-13 

133*71 

130*19 

132*67 

0*89 

2*86 


Variety 


lafiml . 
Tilnkhachan 


Height 


124*87 

140*46 


132*67 

0*63 

1*85 
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Ntimher of seedling. The plant in the " lo.cal 4 'is taller, than in the other method . of plan 
the difference between the two being, however, too small to be; taken into consideration; 

Spacing. There is a definite tendency of the plants decreasing in height with th^^ increase in 
spacing. The two intermediate spacings,. in., -and 12 in. are,. however,, at par from the^ point 
of significance. ' ' ■ 

Variety. There is a great difference between the two varieties, Tilakhacliari being iniicK talhr 
than Latisal. ;. 

Interaction. K"oiie of the interactions is significant. 

(iv) Length of panicle 

This is an important factor contributing towards the yield per tiller since the number of spikelets 
on a panicle depends on the length of the latter. It is only in a longer panicle that a larger number 
of branches and a larger number of spikelets can be accommodated. 

The primary effects and the significant interaction are shown in the Tables VII and VIII 
respectively,. ■ : . . 

Table VII 

Average length of panicle {in cm.) 


No. of seedling 

Length of 
panicle 

Spacing 

Length of 
panicle 

Variety 

Length of 
panicl 

Single .... 

. 

25*16 

6 m. 

23*62 

Latisal . 

24*87 

Local .... 

23-07 

9 in. 

24*83 

TilaJckachari 

24*26 



12 in. 

24*88 





.15 in, - 

. . 24*92 '■ 



Mean .... 

! 24*5(5 


24*56, ■ 


' 24*56 

N./r 

0*81 


0*25 


0*34 

0. I), at 5 per cent 

! 3*63 


0*79 


1*00 


Variety 


Latiml 

Tilaklmchari 

Mean 


No. of seedling 



Single 

Local 


24*05 

24*70 


25*36 

1 ■ 23*15 


25*16 

23*97 


Mean 


24-87 

24-26 

24-56 


Table VIII 

Number of seedling X variety {average length of panicle in cm.) 


jt9.J®'.=5=0-4S G.D. at 5 per cent=l‘4l 


Number of seedling. The effect of this factor cannot be regarded as sufficient from the statistical 
point of view. 

Sgjacing. The length of panicle gradually increases with the increase in the distance between 
adjacent seedlings, 6 in. producing the shortest and 15 in. the longest inflorescence. The difference 
between 6 in. and each of the other three spacings is significant but there is nothing to choose between 
9 in., 12 in. and 15 in. Haigh [1938] obtained somewhat similar results with his three-plant treat- 
ments only. It is interesting to note that as compared to the vegetative portion of the axis of the 
plant (Table VI) the reproductive portion (rachis) is affected in a reverse way by wider spacing 
so far as the length is concerned. 
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Latisal appears to be slightly .superior to the other variety^ alth.oiigh the difference 
is oot significant. 

LjJeraei^om, Witli regard to the number of seedling x variety the lo!igi\'Ht panicle is produced 
in Tiiak'kaehan ' single ' and Moealh 

(v) Extent ('if exertion 

The pin rmxry effects are shown in Table. IX. ’ 

Tabus IX 

Average extent cf exertion {in cm »} 


' .Ho, of .seedii,«g . 

j .Exertion 

8paeing 

Exertion 

\'"arl.ety 

E.K:e,rfcioii 

>Siiigle ^ . 

■ .O'OC 

e ill. i 


LaO^nJ . 

hU 

Local 


Din. 

0“22 

Ttlaklxichari . 

i-24 



1 mill,' 

O-ll 





lo ill. . 

0U4 



fan 

0v.!ri . 


0-L3 


.0'15' 



0-J9 ■ 


ihU 


o>n 

C.I). at 5 per ciTit. 

0-86 


0*1'9 


, 049 


Number of seedling. The exertion is slightly more in . the case of the ' Local ’. than in the other,, 
although the difference is not significant. 

Spacing. There is nothing to choose between the four diifereiit spacings. 

Variety. This is tlie only .factor which produces significant effect on, the character in question. 
The extent of exertion is L54 cm. in Lathal cm. .in TilaJcJcaehari. The' panicle 'in the 

latter is partly enclosed by tlie flag leaf and tliereby gives, a minus value to its measurement.' 
Interactions. Kone of the interactions is significant . 

(vi) Ntmdjer of ftill spikehts per panidet 

T.liis i,s a very important .factor contrib"uting towards, the yield per tiller. 

The pri'tnary e,ffects are' sliowii in Table X. ' 

■ Table X 

Aiwage number of fidl spikelets per panide 

. Ho. oi !<{.‘(xlling Ho. of spikelets 1 .Sx)ae.mg ' Ho. of spikeletB Variety Ho. of spikelets 


Ho. of !<{.‘e(iling 

Ho, of spikelets 

Spadiig 

Ho* of spi’keletB 

■Variety. 

Single .... 

!:VJ-2(S 

(i ill. 

112*39 

LatimJ 

Loca.I . 

127’3S 

0 ill. 

132*91 

Tihil'hicknn 



12 ill. 

138*07 




.15. in. 

149*19 


31 am ... ... 

m-20 


133*29 


:8,M. : . ' , , , ' . ' . 

■ M2 


3*14 


OJk at 5 per cent 

5*03 


10*03 







^ 


Number^ of seedling. This factor has got a profound influen.C6 on. the character in question, the 
® single ’ being significantly better than the othei\ 

Spacing. There is a progressive increase in the number of full spikolets with the increase in 
spacing, 15 in. giving the maximum followed by 12 in., 9 in. and 0 in. in that order. The first one 
is significantly superior to all other ; 12 in. and 9 in. are both better than 6 in. but they tliemselves 
are at par. These results concur with those of Haigh’s [1938] three-plant treatments only and not 
with the others. Hector’s [1920-21] findings are also more or less similar to ours. 
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Variety, The results obtained, with ■' regard to 'tlie .effect of. variety slio.wn in Table appear 
somewhat peculiar .if a comparison is made of these with the results obtained for the length of panicle. 
Though there is no significant difference between, the lengths of panicle of the. two .. varieties, .the; 
number of full spikelets is significantly more in TilaMacliari, This is apparently due to the presence 
of a greater niiniber of branches or a closer setting of the spikelets or both in the panicle of TfeA^fe- 
cAan than that of 

Interactiom. Xone of the interactions is significant. 

(vii) Ratio of jkdl to unfilled spikelets per panicle 
The primary effects are shown in Table XI. 

Table XI' ■ 


Average ratio of full to unfilled spikelets per panicle 


No, of seediliig 

Batio 1 

Spacing 

vRatio 

Variety 

^ Ratio : 

Single 


6-31 

6 in. 

6-07 

iMtisal . 

7-40.. 

Local 

• 

5'43 

9 in. 

5-68 

TUaklcachari , 





12 in. 

6-10 






15 in. 

■ 5-64 . , 



Mean 


i '5-87' 


.5-87 


' ■ 5'87 ■■ 

SJJ, 


! 0-22 


0-60 


0-40' 

O.D, at 5 per cent 

• 

I-OO 


1-91 


M7 


Number of seedling. The effects of different planting methods are not sufficient to stand a 
statistical comparison. 

Spacing, The different spacings also do not influence the character in question significantly. 

Variety. This is the only factor producing a significant effect on the character, which is more 
in Latisal than in Tilakkachari. This is a varietal character very little affected by the two cultural 
factors. 

Interactions, None of the interactions is significant. 

(viii) Weight of 100 grains 

The primary effects are shown in Table XII. 

Table XII 


Average weight of 100 grains {in gm,) 


No. of seedlings 

Weight 

Spacing 

Weight 

Variety 

Weight 

fcJingle .... 

2-95 

6 in. 

2*9,3 

Latisal , 

2*79 

Local .... 

2'93 

9 in. 

2*92 

TilakJcachan . 

3*08 



12 in. 

2*95 





15 in. 

i 2*94 



Mean - . . ■ . 

2-94 


2*94 


2*94 

S.E 

0-02 


0*02 


0*02 

G.D. at 5 per cent 

0-08 


0*08 


0*05 


Nmnber of seedling. The effects of the two different methods of planting on the character in 
question are very small and cannot be compared statistically. 

Sowing, This factor also has not produced any significant effect on the weight of 100 grains! 
These results tally with those obtained by Hector [1020-21]. 

Variety. Varietal effects are however prominent in that the grains of Tilakkachari are signi- 
ficantly heavier than that of Latisah This is a varietal character and is very little influenced by the 
two cultural factors. 
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InidyrmfdQBs. None of the interaotioiis is signifioaiit 
(ix) Volume of grain 

The primary effects arc giveo m Table XIII. 


: :: Table XIO: 

Primmy effects 

Amrage wlnmB of gram—Amiglk x breadth X thickmss- — in , mm, 


Variety. This is the otily fac?tor whicli produces a sigaifxcant effect on the volimie of grains. 
As may be seen in Tai>l(‘, XI IT, grains of TUa^kkaohari are much bigger in size tlian those of Latisal. 
The character is a varietal one and is not significantly afiocted by the two cultural factors. 

(x) Yield of final produce 

With a view to ascertain as to how the detailed observations made on the effect of the cul- 
tural ffictors on the yiehl contributing characters of the plant compare with the final produce, the 
weights oi the 20 [)laiits under olxservation were recorded for the grain and straw yields. 

The analysis of tlie yield data are given in Table XIV. 


■Table XIV. ' 

Analysis of earianee of grain and straw yields of 20 flants 


■Variance 


Sources of variance?. 


Degrees of freeclon 


'Gra.'in 


Straw 


Block 

No. of seedling . , 

Error . . . , 

f Linear 

Spacing . . ^ Quadratic 

L^Juhic . 

Error . . . , 

Spacing X seedling 
Error .... 

Variety 

^"ariety X seedling . 

Variety X spacing 
Variety X spacing X seedling 
Error . . . , 

Total .... 


^Significant at 1 per cent level 
fSignificant at 5 per cent level 


No. of Hc*cdling 

Volume 

Spacing 

Volume 

Variety , 

'¥olaiii,e 

Single . , . . ■ 

61 *50 

6 in. 

61*95 

tjiiiml 

: rjfrSO, ' 

Local , . , 

. 60*98,. 

9 in. 

.61*11 

T ilfikhichari . 

6f3*9S 



12 m. 

' 61*46 





15 in. 

■ 61*05 



Mran . . ... 

61*24 


61*24 


61*24 

E.E. . . ■ . ■ .. \ . 

1*04 


1*00 


'■■0*73' ■' 

OJ). at i> per cent . » 

4*67 


' . 9*47 


2*13 ."■■' 
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The most iBterestiBg point in the above analysis is the extremely insignificant variance dne to 
blocks. The same feature is also observable in analysis of variance with respect to other plant 
characters under study. This confirms the fact that the plot selected for the purpose of this investi- 
gation was remarkably uniform in constitution and fertility. 

It may be seen from Table XIV that in respect of the grain yield; of all the treatments, spacing 
only has produced significant effects (at 1 per cent level), whereas for the straw not only both spacing 
and variety are significant at the same level but there is also an interactional effect of the first order 
between them as well as between spacing and seedling at 5 per cent level each. 

Table XV shows the primary effects on the yield of grain and straw, 

Tabeb XV 
Primary effects 

Mean yield of grain and straw of 20 phnts in oz. 


No. of seedling 

Yield 

Spacing 

Yield 1 

Variety , 

Yield 

Grain 

Straw 

Grain 

Straw 

Grain 

Straw 

■■ ' , ■ / 

Single .... 

16*87 

26-34 

6 in. 

6*75 

13*78 

Latisal . 

16-12 

20-71 

Local . . a . 

16-18 

26-97 

9 in. 

11-88 

20-37 

Tilahhachari 

16-93 

32-61 




1 12 in. 

20-32 

32-92 







16 in. 

27*16 

39-54 




Mean , . , . 

16*53 

26-65 


16-53 

26*65 


16*53 

26*65 

S.E. , . . . 

0*46 

0-44 


0*54 

0-98 


0*30 

0*91 

C.D. at 5 per cent . 

2*06 

i 1*97 


' 1*72 

3*13 

i 

0-87 

2*65 


Number of seedling. The results show that in our experiment the treatment ‘ No. of seedlings ’ 
could not at all influence the yield of grain or straw. Thus our observations on this point are at 
variance with those of Haigh [1938], 

Variety. There is some difference in grain yields between Latisal (early) and TilahJcachari (late) 
in favour of the latter but it cannot be established statistically, whereas for straw yields the difference 
is marked. 

Spacing. The four spacing treatments, as will be seen from Table XV, have all produced defi- 
nite effects on both grain and straw yields. Statistically they are in the order of 16 in.> 12 in.> 
9 in,> 6 in. 

These results are in agreement with those of various other investigators who have worked 
elsewhere on this point. Some of these' workers have also asserted that although wider spacing is 
beneficial so far as yield per plant is concerned there is a limit to the spacing which can be utilized 
by the plants to their advantage. Perhaps it is true, but in our experiment the highest yield per 
plant has been obtained with 15 in. (38*10 cm.) which is the maximum spacing considered. It is 
therefore not possible to state whether the yield can be increased further or not by increasing the 
spacing beyond 16 in. 

Tbe average yields of grain and straw per plant (per bol®) in this experiment which can be cal- 
culated from the figures in Table 2tV are given below : 


Straw ( 02 .) 


Grain (oz.) 


0-34 


0*59 


101 


1*35 


0- 69 

1 - 02 
1-65 
1*98 
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The above figures show that the widest spacing is- the beat, both for the yields of grain and 
straw per plant. Though the yield per plant increases. with the increase in spacing, the number -of 
plants per unit area gets less and less, and, since this decrease is in a greater proportion than the 
increase in yield per plant, the total yield of the area falls. This teature is shown in Table XVI, 
wherein the yield per acre is calculated by multiplying the yield of an individual plant (hole) by 
the theoretical number of plants (holes) per acre. It will be seen tfiat the order of merit is e.\actly 
reversed, the widest spacing giving, the. poorest y,ield.per acre and the closest spacing the best. 

Table XVI 

The number of plant a7id yield per acre 


.Spacing 


(5 in. 
9 in. 
12 in. 
15 in. 


Theoretial No. of 
plants per acre 

Yield per plant in oz. 

♦ 

Grain 

Straw 

174240 

0-34 

0-69 

77440 

0-59 

1*02 

43560 

1-01 

1-65 

27878 

1-35 

1-98 


Theoretial yield per acre in oz. 


Grain 


59241-00 

45089-00 

42995-00 

37035-30 


Straw 


120225*60 

78988-80 

71874-00 

,55198-44 


It is seen that the number of plants per acre is of very great importance for the determination 
of yield per acre. * With wider spacing the yield of individual plants definitely increases, and, this 
is due largely to the production of greater number of tillers and to some extent to the production 
of greater number of grains per panicle. But the fall in the number of plants per acre is not com- 
pensated by the increase in yield per plant. Our results are in agreement with those obtained by 
Ramiah [1937] and Haigh [1938]. Chakra varty ei ah [1936] wwking with plot yields only also arrived 
at similar conclusions. 

Of the two varieties, it was first thought that Latisal would prove to be a better yielder since 
it produces a significantly gi*eater number of fertile tillers. But Table XV shows that it is actually 
not so. This anomaly could be explained by the results obtained in the case of ‘number of full 
spikelets per panicle ’ and ‘ weight of unit number of grains It may be seen that the number 
of grains produced per panicle as well as the weight of unit number of grains in Latisal are signifi- 
cantly less than in the other and, as such, the initial advantage gained by the former on account of 
its production of more fertile tillers fs completely lost. Haigh [1938] claims that the number of 
tillers matured is the limiting factor in the determination of the yield per plant ai|d that the fluctua- 
tions in the factors which made up the yield per tiller, vk. number of grains per tiller and weight 
of individual grains are not sufficient to upset the influence of tiller number. The results obtained 
by us do not support such a claim. 

Interactions. The significant interactions of the first order are given in the Tables XVII and 
XVIII. 

Table XVn 
Spacing X Seedling 

Mean yield of straw of 20 plants per plot in oz. 


Ko. of seedling 


Single 

Local 

Mejofn, 

C.D, at 6 per cent 


Spacing 


6 in. 


14-76 
12-81 
i 13-79 


9 in. 

12 in. 

15 in. 

Mean 

21-37 

33-42 

35-83 

26-34 

19-37 

■ a2-44 

43-26 

26-97 

20-37 

32-93 

39-54 

26-66 

1 


B2 


5-01 
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Table XVIII 
Variety X 8 facing 

Mean yield of straw of 20 plants per -plot in oz. 


Variety 


Spacing 


0 in. 


9 in. 


12 in. 


15 in. 


Mmri 


Latisal 


9-74 

10-61 

25-0:i 

30-85 

20-7J 

32-61. 

Tilakkachari 


■ 17-84 

24-14 

40-23 

48-22 

Mean 


13*79 

20-37 

32-93 

39-54 

2(i-G0 

S.E.^hSl 






O.T). at 5 y)er corit 


5-27 






SUMjJlARY 

An experiment was conducted witli^^two varieties of paddy, Latisal (early) and Tilahhaclian 
(late), to study the effects of two cultural factors, viz. different numbers of seedling per hole, and 
different spacing between seedlings on some characters of agricultural importance. There were 
two different numbers of seedlings, single and local (3 — 4), and four different spacings G in., 9 in., 
12 in., 15 in. The results obtained for different characters are summarized below : 

(i) Number of fertile tillers per plant. The number of seedlings has no effect on this charac- 

ter. 15 in. spacing produces the highest number of fertile tillers followed by 12 in., 
9 in. and G in. respectively. Latisal produces more fertile tillers than the other variety. 

(ii) Number of sterile tillers. No factor, not even varieties, has any effect on the number 

of sterile tillers. 

(iii) Height of plant. None of the cultural factors has any appreciable effect on the height 

of plant. Plants in Tilakkachari are, however, taller. 

(iv) Length of panicle. The widest spacing 15 in. produces the longest panicle followed 

by 12 in,, 9 in. and 6 in. respectively. There is no significant difference within the 
last three. There is no differential effect of the number of seedlings nor of the varieties 
under observation on this character. 

(v) Extent of exertion of panicle. Latisal is more exerted than the other variety. The 

character is not affected by the two cultural factors. 

(vi) Number of full spikelets per panicle. The number of full spikelets is more in the ' single ' 

than in ‘ local ’ planting. There is a gradual increase in the number of this per panicle 
with the increase in spacing. Of the two varieties, Tilakkachari has a larger number 
of fu| spikelets per panicle. 

(vii) Eatio of full spikelets to unfilled spikelets. This ratio is more in Latisak The two 

cultural factors have no appreciable effect on it. 

(viii) Weight of grain. The weight of grain in Tilakkachari is more than in Latisal The 
cultural factors do not affect the character appreciably. 

(ix) Volume of grain. Tilakkachari has a larger volume of grain than Latisal The character 

remains unaffected by the cultural factors. 

(x) Yield of final produce. Of the three factors under consideration, spacing only has pro- 

duced a marked effect on both grain and straw yields. Significantly the four spacings 
are in the order 15 in.> 12 in.> 9 in.> 6 in. These differential effects could only 
be established for individual plant yields but when the yield per unit area is considered 
the respective position .of the series of spacings gets reversed. In the case of straw, 
however, ‘ Variety ’ has also been equally effective ; for the two varieties under obser- 
vation, Tilakkachari > Latisal 
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A RBW.aiMPLl METHOD OF ESTIMATING THE MOISTUKE CONTENT, 

OF SOIL Sir P 


l]y A. "C. Homin', Meteorological Assistant, Agricultural Meteorology Section, Meterolisgical Oiflce, 

Poona 

{Recel¥ed for piiblication on 24 Jidy 1945} 

{Witb four text-ligiires) 

A n accurate estini<ation of soil moisture is of great importance in agricultural practice as well 
as in many problems of soil physics. There are HeryerEil methods which at present ar<^ in general 
use for this purpose; but almost a.li of them are either laborious and slow or are not suiliciently 
reliable. The method most commonly used conpists in taking a sample of soil from the field and 
driving out the moisture in a steam oven. The loss of weight during the drying process gives the 
weight of the moisture content which is expressed as a percentage of the weight of the dry soil. This 
method although fairly accinute is laliorious and very slow, as it takes several days to (irive out the 
moisture completely from the soil sample. Various other methods have been tried for estimating 
the soil moisture more quickly. These may generally be classified as follows : 

(i) Electrical condudivify method. This method first tried by Whitney, Milton, Gardner and 
Briggs [ 1897 ] uses the elecitricai conductivity of the soil as an^mdex of soil moisture. Tlie salt 
content of the soil, how'ever, introduces a considerable error in this method. A modification of the 
above method using multi]}le electrodes has been attempted by McCorkle [ 1931 ], but the results are 
reported not to have proved entirely satisfactory. 

(ii) The Dielectric Constant method. In this method, due to Bletcher [ 1939 ], the soil forms the 
dielectric of a special (‘ondenser buried in the gTOiind and the dielectric constant of the soil which 
varies with the moisture content is taken as an index of soil moisture. Headings by this method 
are, however, affected by salt concentration and the colloid content of the soil. 

(iii) Tensiometers, These instruments measure the capillary tension of the soil water. Richards, 
Russel] and Neal [ 1037 ], and Richards and Gardner [193(3] have investigated the relationship between 
the water content of soil and its ca])illa.ry tension. The basic form of this instrumeiit consists of a 
porous candle filled witii water and connected to a mercury manometer. The porous candle is placed 
in the soil and watei* moves into or out of the candle depending upon the moisture content (capillary^ 
tension) of the soil sunounding the porous candle. This movement of water is indicated by the 
change in the mercury level in the manometer. The method, however, lias proved more useful for 
the purpose of studying the movement of water in soil than for the determination of its moisture 
content. This is mainly due to tlic fact that the instrument requires some time to get into equililirium 
with the suiToundiug soil and lienee there is a considerable hysteresis effect in the instrument. It 
cannot ajso be used for soil moisture contents below tlie moisture equivalent, when the capillary 
tension of the soil- water exceeds one atmosphere and the instrument suffers from the formation of 
air bubbles which effectively' stop the instrument from functioning. 

(iv) Thermal (mvluciivity method. The variation of Iieat conductivity of soil wdth changing 
moisture content has been reported as early as in 1909 by Patten. It is only recently [ 1939 ], how- 
ever, that a practical method has been proposed by Shaw, Byron and Eaver in America utilkfog this 
variation in thermal conductivity as an index of soil moisture. In this method used by Shaw, Byron 
and Baver the thermal conductivity of the soil is measured with an electrical apparatus based on 
the Wheatstone bridge principle. An enamelled copper-wire element forming one of the arms of a 
Wheatstone bridge is buried in the soil and a fixed current (0-4 amperes) is passed through the circuit 
for one minute. The temperature attained by the copper- wire element at the end of one minute 
will dej/end on the thermal conductivity of the soil which in turn will depend on the moisture content, 
packing and composition of the soil. As the electrical resistance of the copper wire depends on its 
temperature, the temperature attained by tlie element at the end of one minute is indicated by the 

( 8i ) 
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out-of-balance current in the bridge detector ts^hieh is a sensitive micro-aniittetef. The fotver the 
thermal conductivity of the soil the higher is the temperature attained by this element. 

It will be seen that the equipment required for the above method is rather elaborate and requires 
•a sensitive micro-ammeter and a source of constant voltage for the bridge and it is obviously beyond 
the means of an average Indian farm observatory. The present paper describes a new method based 
on the same principle but greatly simplified. 


The new method and appaeatds 

In the method of Byron, Shaw and Baver the Wheatstone bridge is used for the measurement 
of the temperature attained by the copper-wire element at the end of one minute. In the method 
developed by the present writer, this indirect method of temperature measurement is eliminated by 
making use of the special type of thermometer which is generally used for the measurement of soil 
temperature at different depths. These thermometers have verj'- long stems so that when the bulb 
of the instrument is buried in the ground the scale i^ above the ground surface. Instruments of this 
type are available for use at different depths up to 2 ft. below ground level. 

On the bulb of such a thermometer is Wound a heating element consisting of a No. 32 or 30 
enamelled or silk covered constant wire, which covers half the bulb of the thermometer. A coating 
of an insulating material (Durofix was used in the present investigation) is applied over the wire 
covered portion of the thermometer bulb. This insulates the heating element electrically and, to 
some extent, thermally from the soil in which the thermometer is placed and also protects the element 
from moisture. A 6-volt storage battery or a large capacity dry cell battery is used as the source of 
heating current and is connected to the heating element through a variable resistance, an ammeter 
and a switch in series. The bulb of the thermometer is then burid in the ground at the desired depth 
and in good thermal contact with the soil. The measurement is made by passing a fixed current 
(0-3 amperes was used in the present investigation) through the instrument and recording the time 
required to raise the temperature of the thermometer bulb by 5°C. The time is recorded in seconds 
with an ordinary watch or preferably with a stop watch. 

Patten [ 1909 ] has investigated the thermal conductivity and diffusivity in soils in relation to 
their moisture content and other factors, viz. packing, composition, etc. He finds that, the packing 
of the soil remaining the same, its thermal conductivity increases with its moisture content. Now, 
the thermometer bulb in the above instrument is heated by a fixed current, (therefore at a constant 
rate) and, as it is the bare half of the thermometer bulb that m-ainly dissipates heat through the soil, it 
will be seen that the time required to raise the temperature of the bulb by a fixed amount will vary 
with the thermal conductivity of the soil. That is, the packing of the soil remaining the same, it 
will take longer to raise the temperature of the thermometer by the same amount in a wet soil than 
in a dry one. This is the basic principle of the instrument. Fig. 1 gives a sketch of the instrument. 
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The instrament was first tried in the laboratory with Poona Black Cotton soil at different mois- 

tee contents. -It was, however, not ^possiblo' to 'keep the, packing of the soil exactly the same at 
the various moisture contents, but as .far as possible, .care was taken to see that the soil occupied 
almost me same volume at each moisture content,.'.. After' the current 'was switched on, the readings 
ok the thermometers were taken at ^intervals, of 10 seconds until the temperature increased by 23^0. 
The results of this experiment are given in Fig. 2. These curves show the effect of moisture content 
on the thermal conductivity of the Poona Black Cotton soil 



Fio. 2. Temperature-Time curves for Poona Black Cotton soil at various moisture content^ with a heating current 

of 0*7 amperes 


The effect of various values of currents has also been studied. Fig. 3 shows the Temperature 
Time curves for dry Poona Black Cotton soil with different heating currents. It was found that 
the most suitable value of the heating current depends on 

(i) the resistance of the heating element, 

(ii) the size of the thermometer bulb, and 

(iii) the anaount by which the temperature of the thermometer is to be raised. 

It is underirable to use a very high value of current as this will not only reduce the life of the 
heating element but also will necessitate the use of a large capacity battery. At the same time, 
it must be remembered that a very low current will reduce the rate of temperature rise of the thermo- 
meter and consequently reduce the accuracy with which the time for a definite rise of temperature 
can be recorded. This is also true of a very high current which will make the rise of temperature 
too fast for accurate measurement. The current, therefore, should be of such a strength that the 
rise of temperature should be just fast enough for accurate measurement, when the soil is saturated. 

Two instruments of the above type were installed at the Central Agricultural Meteorological 
Observatory, Poona, at depths of 3 in. and 9 in. below ground surface. A single battery and rheostat 
were used for both the instruments with a suitable switching arrangepient. While installing the 
instruments, special care was taken that the soil was disturbed as little as possible and that the bulbs 
of the thermometers were making a good thermal contact with the soil. The readings of the imstfu- 
raents were taken at interyalg usgall^ gf 3 ^ 4 dajs and sinjultaneously samples pfsgil were talcen 
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from an adjoining plot, from depth.s at which the instruments wore installed. TIio rnoi.sture contents 
of these samples were determined by the conventional drying and weighing method. The values of 
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Fig. 3. Temperature— Time curves for dry Poona Black Cotton soil with various heating currents 
moisture content thus obtained v^ere plotted against the time ‘ ’ in seconds required to raise the 
temperature of the thermometer by 6°C. Fig. 4 shows the relationship between ‘ i ’ and moisture 
percentage for each of the instruments. It is satisfactory to note that almost smooth lines can be 
fitted through the various points. Whatever scattering of the points i§ present, is mainly due to 
errors in judging the exact depth from which the soil samples are taken. This error is especially 
noticeable in the clear season when the surface layer of the ground has become dry and the moisture 
content of the soil increases very rapidly with depth. 



^G, 4, The relatjop ‘ f ’ ipoisture percentage 
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The regression equations given the relationship between ^ (time required to raise the tempera- 
ture of the thermometer by with a current of .0*3 amperes) and " M " the moisture percentage of 

the soil for both the instruments arc given ■ below : ■ * 

3 in. depth— Jf =*80 -4—93 1 — 0055t^.' 

9 in, depth— ilf=*61t+8m 

Once these curves are obtained for each instrument over 'the normal range of moisture variations 
under field conditions, the calibration of the instrument is complete. Later, whenever, a determina-’ 
tion of the moisture content of the soil is required, it is only necessary to take a reading of the instru- 
ment and read off the value of the raoistiire content immediately from the corresponding calibration 
curve. The calibration of the instrument takes, if the right season is chosen (the beginning or the 
end of the rainy season), about 2 or 3 months. 

The only major precautions to be taken while using these instruments are 

(i) the instrument as well as the soil around its bulb should not be disturbed in any way, and 

(ii) a constant current should be used for taking the time readings. 

The first is achieved by keeping a separate plot of ground for the i nstrument, which is not likely 
to be disturbed; the second is achieved by keeping the battery properly charged or by making 
periodical adjustments of the rheostat in case a dry cell battery is used. This does not present much, 
difficulty as the current drain from the battery is only 0*3 amperes and the battery is used only for 
a few minutes once or twice a week. 

The main drawbacks of this method are that variations in the packing of the soil particles effect 
the readings and that it takes rather long to calibrate the insfcriiinent, which must be done on the 
spot where the instrument is installed. But the same limitatiouvS would apply to the method of 
Byron, Shaw and Baver mentioned above. It may be mentioned here that the variations in the 
packing of the soil particles, which are due to variations of moisture content of the soil itself do not 
effect the accuracy of this method, as they are taken into account in the process of calibration of the 
instruments. 

; SUMMABY ' 

(i) The method described above is an extremely simple one and is especially suitable for experi- 
mental farms in India which usually possess thermometers for recording soil temperatures at different 
depths. By adding a heating element these can easily be adapted for soil moisture measurements 
without affecting their efficiency as soil thermometers. 

(ii) In addition to the great saving in labour and time by the use of this method it may be 
mentioned that the accuracy df this method is comparable to that of the drying and weighing method. 
Further work is in progress. 
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WITHSTAND TRANSPLANTINO 


By Bir Bhakuall, Planning Panel Secretary, I, Food Department (India), New Dellii- 

(Received for publication on 28 November 1940) 

T ransplanting is a three-act operation. It includes digging of a seedling from its growing 
place, transporting it to a desired place, and planting it there properly so that it may grow 
eflSciently and effectively. Transplanting — though in itself not an essential operation as will be 
explained later — is of great economic importance and potentiality in modern agriculture. Man 
has used it as a great and effective weapon in his continuous effort to overcome the limitations nature 
has imposed upon him in his efforts to grow his food. By transplanting methods, man has overcome 
the limitations of a short growing season. He has widened his domain for growing his food into 
areas which ordinarily would not grow some of the produce because of short growing seasons for 
them. The economic importance of transplanting, therefore, is so great that study to find the factors 
and methods for successful transplanting is very essential. 

The advantages of transplanting centre around the economic factors. Of course, it helps the" 
man to extend his growing season, and also to have plants where he wants them to be. It helps 
growers to use most economically and effectively the most valuable space in the greenhouse. A 
grower can take care of his seedlings in flats in the greenhouse in their early stage, more economically 
and efficiently. He can do so with less labour, with little fertilizer, and he can protect them more 
fully from diseases and insects while the seedlings are in the greenhouse. It also makes it possible 
for the grower to save his seed, and so lower the seed cost considerably. During the operation of 
transplanting, the unavoidable root injury — in fact, a sort of root pruning — stimulates root growth 
later, and this branching of roots not only helps the plant to set easily and readily, but also helps it 
to overcome the transplanting shock quickly. 

Transplanting, as suggested above, has in itself no advantages. In fact, it has several dis- 
advantages. It calls for extra labour and extra expenses. The injury to roots is unavoidable, and 
most of the root hairs are destroyed. The skill and technique can be devivsed and followed that this 
root loss could be greatly reduced. Above all, transplanting checks growth. This also retards 
development, and defers fruit production, so reducing early yield, by the reduction of roots and 
leaves. The check in growth caused [ Loomis, 1925 ] by transplanting alone, is proportional to the 
duration and extent of the disturbance of root and top balance, which is a balance between the 
absorption of water by roots, and loss of water vapour through the leaves and stem. Measiires and 
methods can be adopted which can minimize these disadvantageous effects of transplanting, and so 
it can well contribute to the success of transplanting. To do so, a study into the nature of problems 
involved in transplanting is very essential. 

Plants vary greatly in their ability to be transplanted successfully. Some plants recover more 
readily firoin transplanting than others do. Cabbage, beets, and lettuce are some of those that can 
be easily transplanted. The check in growth in the case of corn, cucumbers, melons, and beans 
[ Thompson, 1939 ] is so marked and great that unless the plants are very small, they can not be very 
successfully transplanted. It has further been found [ Loomis, 1925 ] that plants which are readily 
transplanted are those whose damaged and destroyed roots are speedily replaced by new root growth. 
This replacement in turn depends upon the ability of the roots retained by the plant to absorb mois- 
ture freely, and this further depends upon the fact that these plants have very little, if any, suberin 
or corky covering on the roots. Those which are hard to transplant are distinctly siiberized. 

This should suggest that if speedy root growtl^^ somehow can be stimulated and increased, and 
suberization can be either checked or reduced, the possibility of successful transplanting can be 
greatly increased. The effect of transplanting shock caused by the disturbance in absorption and 
transpiration balance could also be mimmi;zed if somehow transpiration could be reduced, and 
absorption could be stimulated and increased, M the absorption pf water by roots in general 
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depends upon fcte absorbing root area^ so care and precaution could be devised to cut down tlie loss 
of root absorbing area. The control of temperature, hiunkiity while the sfedlings are being trans- 
ported, apd the check in transpiration by some;- wmy spray, or by any other means, W'ould greatly 
increase the chances for successful transplanting, ■ . 

As various factors, both environmental and internal wdiich affect recovery from transplanting, 
all act through their final effect on winter supply, so the solution of the pTol,)lem of having a water 
supply in the plant, wdiich supply can be held against unavailability, and which can afford a continuous 
winter supply around the roots after setting transplants, will greatly contribute to successful trans- 
planting. The check in growTh, wdiieh generally varies directly with the quantity and duration of 
the reduction of w’^ater supply, can so be reduced to its minimuKL 

The check in growth during transplanting also varies directly in proportion to the size of the 
plant at the time of transplanting. This difficulty can be overcome by managing to have seedlings 
of proper size and age, at the proper time, and at optimum conditions. The growth of tender, leggy 
and older plants will be greatly checked by transplanting, w^hile a hardened, normal size, and healthy 
plant may come out of the transplanting process wdth the least check in growth. 

Seedlings grown in greenhouses, generally under favourable optimum conditions, usually become 
rather soft, so at the time of transplanting they w-ill find it hard to withstand the hardship of extremes 
of weather in the new environments. They become more susceptible to injury from cold and hot 
w>3ather, from wind, and insects. The loss of water would greatly injure such seedlings, and their 
immunity towards diseases at this stage could be anything but optimum. I'herefore, these plants 
must be hardened. 

For successful transplanting, hardening is one of the most important practices, knowledge of 
which is very important, for it involves one of the most delicate physiological processes and changes 
in a plant. Plants are hardened to withstand cold as well as heat. Properly hardened plants can 
withstand effectively desiccation by dry hot winds, as well as by frost. They can withstand whipping. 
Hardening of the tissue, and formation of eutin on the leaf surface, and other physiological changes 
are brought about during hardening. They make the plant less susceptible to the attacks of diseases 
and insects. They also have less physical injury from handling during transplanting. 

Hardened plants are .more capable of retaining water. They also accumulate a deposit of 
carbohydrates during the hardening time. These factors in proper combination are more influential 
in initiating a prompt regeneration of root growth. This, of course, brings about intensive metabolic 
activities on the part of the root cell, and this increases respiration, accompanied by a higher rate of 
transpiration. But the increase in w'ater loss thereby is so insignificant, although unavoidable, that 
it should be overlooked. 

Proper hardening is essential for best results. Gradual hardening gives best results, and also 
helps to avoid overhardening. To keep plants on the dry side is better, as well as an easy method 
of hardening plants. It is easy to control moisture by withholding irrigation or by a limited applica- 
tion of water. It involves no extra labour operation, and serves to reduce water and labour 
costs. ■ 

Lowering the temperature is another method practised either alone or along with moisttlre 
control to harden plants. It is rather difficult to control temperature, and this involves extra labour 
and care. Unless great precautions are taken, plants might be seriously injured, or a serious check 
in growth may occur by too low a temperature. Besides, in the case of certain plants, subjection to 
cold temperature in early stages wmuld greatly increase the danger of bolting. Cabbage, celery, and 
beets in particular, are very susceptible to such temperature changes. They, if subjected to cold 
temperatures for about a week, will mostly go prematurely to seed. 

Plants can be hardened also by withholding nutrients. This is a starving method. It is not a 
very desirable practice, for the starved plants later do not do so well. Yellowing of leaves and stem 
and toughening of tissue is a very characteristic sign of nitrogen deficiency, quite apart from that 
caused by cold and moisture deficiency. Starved plants are very slow in overcoming a transplanting 
shock They are slow to recover. The yield, especially the early yield, is greatly reduced [Crist, 1928]. 
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All plants cannot be hardened. Tender plants such as potato and sweet potato cannot 
be hardened. Only hardy or semi-hardy plants such as cabbage, cauliflower, celery, beets, and lettuce, 
the plants usually so treated, can be hardened successfully. 

To understand the nature of hardening, a knowledge of the changes that accompany hardening 
is very useful and necessary. Eosa [ 1921 ] sums up these changes as follows : slowing of the rate 
of growth ; thickening of cuticle and increase in the waxy covering on the leaves ; increase in the 
percentage of dry matter ; decrease in the transpiration per unit area of leaf ; increase in the quantity 
of hydrophyllic colloids, especially pentosans ; decrease in the freezable or free water ; increase in 
the percentage of total sugar ; decrease in starch, and the development of a rather pink red colour, 
especially in stem, petiole, and leaf veins. The leaves of well-hardened plants are darker green and, 
smaller than those of non-hardened plants of the same age. Hardening brings such changes in 
proteins as prevent them from precipitating easily. In case of cabbage, increase in amino acids was 
noticed. ■ 

The effect of hardening to establish a morphological trend in the stem is very noticeable especially 
in hardened tomato plants. This is characterized by an excessive differentiation and maturation of 
the tissue. This trend [Crist, ] 928] involved the leaves and fruits and amounted to a permanent check 
in general development. The upper part of the plant, which developed subsequent to the period of 
hardening, had a different morphological trend, and was not affected adversely. The early, but not 
the total, yield of hardened tomatoes, is greatly diminished. Holding out tomatoes, therefore, is 
not a very advantageous practice. 

The application of nutrient salts previous to setting seedlings in beds [Crist, 1928] did not relieve the 
check suffered during the hajxlening process, even though the conductive systen was not impaired, as 
generally it is not. In the case of cabbage, there was no check in growth of any practical consequence 
during the temporary limitation of nutrients. So no bad effect may be expected to follow hardening 
incident to delay in transplanting. This is true also of tomatoes, but with the exception that the 
hardened part is not rejuvenated. The hardened part is permanently affected, and is characterized 
by accelerated and increased differentiation and lignification of tissues, which consequently cause 
reduction in mass of stem and fruit. The growth of the conductive system is, however, not inhibited. 

This all brings out the suggestion that on one side, the dependence upon hardened plants is not 
a desirable practice because preparing tomato plants to survive the rigour of a pre-season environ- 
ments, imposes a handicap from which they recover so slowly that tender plants set in the field 
considerably later overtake and surpass them and prove profitable ; on the other hand the time of 
transplanting in the field must be properly calculated, for any plant can stand a certain definite 
amount of adverse weather and no more. 

To have a healthy, properly hardened plant of a certain age and size, a definite plan should be 
made in early winter, or still better, in fall. To grow your own seedlings or to buy them is an indivi- 
dnal problem, but one which must be settled early. If it is decided to grow your own seedlings, the 
seed of a desired variety, preferably a certified seed of disease-resistant variety, should be had early. 
Temporary sash-houses, hot beds, hot-bed-pits, or manure heated beds could be arranged. In green- 
houses, proper sized flats are very handy. The date of planting seed depends upon the variety, the 
time it generally takes to grow a good sized seedling, and the approximate time at which the seedlings 
are expected to be set in the field. 

The disease- free flats and soil should be used, and seed should be treated against diseases. In 
flats, sterile sand is generally used, so that at pulling time, the root injury may be greatly reduced. 
The seed bed is well prepared and the seed planted in rows and watered well with water at first and 
later a properly prepared starter solution to keep the soil moist. If need be, the bed should be 
covered. Great care should be given to the temperature, moisture, and ventilation. Chilling the 
plants and overheating should be avoided. Soft plants over watered and lacking ventilation become 
very susceptible to ‘ damping off ^ To protect seedlings from ‘ damping off,’ and to grow them 
well, the use of SpJiagnum moss is very effective and so will be discussed later fully. The use of 
hydrophyllic colloids of high viscosity, such as methyleellulose, as a seedling growing medium has 
jgreat potentialities as a protection against ^ damping off root injury, and wilting. A protection 
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againnt wilting k a direct measure of Eiieeessfal tenisplaiiting. The um of methyleellidose in flat 
soil, or even in tlie field, Hc^ems to be tbe answer. To be [Felber, 1944] efleetive in spring, tlie treatment 
% slioukbbe given in fall. Metliyletdlulose fibres in -Boil help to conserve the moisture. Proper choice 

I of the anK)unt of mt*thyleM;*lIulose and its viscosity .grade, giving due regaul to the ^vater-holdiiig eapa- 

I city of iim soil and the prevailing condition of moisture and temperature, the method cjf methylcellu- 

' lose soil treatment may possibly be sucfcessfully used in orchard and fields. It is inverse to sol-gel 

transformation of agar and gelatin, a fact ivhieli is of great advantage for it to lie used as a seedling- 
!’ growing mediiiin, for it will gel in warm weather,, but it acts as a sol at cool temperatures, at trans- 
planting time, and thus will keep the root moist, an optimum condition for new root gpwth. Methyl- 
cellulose used in flat soil will not oidy make it possible to pull seedlings with the least root injury to 
them, but also will, wiien around roots, protect them against drying (Felber and Gardener, 1945]. In 
culture solutions, methylcelliilose decreased the water requirement by about per cent. In rich 
soil, ri<;ii in organic matter, tlui treatment may cause a slight retardation of growth %'hen the nioisture 
content is high. Tu sandy soil, however, the growth accelerates. *So it can be used advantageously 
to prevmit a detrimental effect of a i.cmpoiary drought period in delaying.growth during transplant- 
^ ing. Its use will further cut down the labour requirements and expenses of artificial methods used 
to avoid wilting. Its use will help to control erosion and prevent run-off water from sandy soil 

Sphagnum moss has been used as a seedling medium. Its use is a very effective control against 
‘ damping off’. Roots of seedlings are least injured at pulling time. It can be easily blocked or 
balled over roots before lifting, and thus can give a greater protection to roots. It can be easily 
obtained. The application of nitrate solution or complete nutrient solution is eissential, however, 
especially after transplanting in the field when Sphagnum moss is used [ Stoxtemyer, 1943], 

Seedlings, when growing thick in transplants and having two of their real leaves grown fully, 
are generally transplanted into other beds of flats with a greater space to each plant, or they are 
transplanted into pots, dirt bands, paper boxes, paper bands, wood pots, or veneer bands. With a 
container to eacli seedling, it becomes easier to handle and transport the plants, but it becomes so 
expensive. However, it gives best results. Loomis [ 1925] in New York, found a 30 per cent gain 
in seedling transplanted in paper boxes over those directly transplanted into the field without being 
transplanted into any container. It is a great gain, sufficient to meet the extra expenses of containers 
and handling them. 

The container should be sanitary, and they should be soaked in a fertilizer solution before they 
are used. Wood or paper material around roots causes a condition that brings about nitrogen defi- 
ciency, so the use of extra nitrogen is advisable. 

Fertilizers, not only in starter solutions for seedlings, but also in the field, are very essential for 
successful transplanting ; so is the preparation of soil Properly cultivated soil, loose and friable, 
moist and retentive of moisture, with sufficient amounts of organic matter, will make successful 
transplanting much easier. The use of methylcellulose to increase the moisture retentive qualities 
of the soil, as mentioned above, could be very beneficial. Proper fertilization also is very essential. 
The actual amount and quality of fertilizer depends upon the initial fertility of the soil. The relative 
ratio of potassium, phosphoric acid, and nitrogen can be so manipulated that to start with the applica- 
» tion of a fertilizer should encourage root growth rather than top growth. The fertilizer with more, 
potassium and a little nitrogen, either in starter solution, or on the planting line in beds before trans- 
planting properly applied could do the trick. Later application of an extra nitrogen solution as a 
side dressing after the seedlings have set, would prove greatly beneficial in stimulating the top growth. 

The soil should be free of weeds, and care should be taken against insects and diseases. Well- 
drained soil is necessary. 

Before the seedlings are brought to the field, they should be well hardened as described above. 
They can be given several physical as well as chemical treatments to enable them to withstand trans- 
planting better, which will be discussed below. They should be properly pulled with the least injury 
to roots. It would be better to lift them up with soil and roots from below with a scraper with the 
least disturbance to the latter. The soil will also protect the roots from drying while being transported 
to the field. The use of containers, blocking, and ^ pricked plants is a great help in protecting 
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plants from drying. Plants should be shaded, covered with wet sacking, and the roots should be 
kept moist. Placing the containers and flats on a flat wagon floor and transporting them to the 
field would give the least disturbance to the roots, and so the least root iniury. Small and weak 

plants snouJd be discarded. 

If the seedlings have to bethought, not only should they be of the proper size and age, but they 
should be in an optimum condition, and must be had at a desired time. Handling of seedling and 
packing is very important. They should be bunched and tied with the roots well protected. They 
should be placed in baskets or special crates, and should be well ventilated. The use of packages, 
such as are used for vegetables, has a great scope. Parchment or whole hide packages, used for vege- 
tables, can also be beneficially used for seedling transportation. This material can stand water. 
Properly used at a right temperature in transportation, they may reduce transpiration greatly, and 
prevent wilting, 'igbey permit the air to pass slightly [Brown, 1928], which keeps respiration going, but 
which does not increase the water loss, by transpiration greatly. Whale-hide excludes light,’ but 
parchment permits light to pass through, and so this may even permit the photosynthesis to go on in 
the packages. Although there is no experimental work to support the suggestions, if such packages 
are used and- photosynthesis can take place in the package, the seedlings could use the carbon dioxide 
in the package produced by respiration of the plants, and thus could avoid toxication or break down 
effect of suboxidation in the tissues of seedlings. It could also at least stabilize the carbohydrate 
supply in the plants, which later may greatly help the stimulation of the new root growth. Packages 
of celoglass, vitres, flexglass, waxed paper could be used for experimental work. This work could 
find out which material would suit better. These all with the exception of whale-hide permit the 
passage of light. 

Pliofilm [Stahl and Vaughn, 1942], a nitrogen synthetic plastic, may turn out to be of great use for 
packages for seedlings. It is a moisture-proof substance, but permits the diffusion of carbon dioxide. 
The disease side of the problem should be studied and if no danger is found, the use of a little water 
around the roots in packages can be a great guarantee against root drying. 

Not only the study into the practicability of the use of such material for transportation of seedlings 
would help to find a way of transporting seedlings with the least risk of drying but the study of the use 
of several waxy or oily materials to be used as a spray on seedlings to check transpiration temporarily 
would also help a great deal. Pliofilm may prove of great value in this respect too. It will not 
permit moisture to escape, and will permit diffusion of carbon dioxide. It may do away with trans- 
piration, an unavoidable but necessary evih to plants. 

Time and weather conditions also help greatly in successful transplanting. Early in the morning 
or late in the afternoon, in early spring or late fall in a windless, calm day, or when it is cloudy, or the 
temperature is low and humidity high, the transpiration is low and there is less chance of wilting, and 
so a ^eater time is available for the roots to grow and start working before wilting can take place. 
Planting in furrows will help against wind. 

A hole of proper dimensions for the roots, and a stem set a little lower than its previous level 
would help successful transplanting. A firm and gentle pressing of dirt on roots to avoid air pockets 
is of great help. Watering before the hole is closed is of great benefit. Direct water to roots at the 
time of transplanting [Nuckols, 1931] greatly increases the chances of survival and also increases the 
yield considerably. It is expensive, of course. A‘ feubstitute for this method, yef not so expensive, is 
puddling of seedling roots in a watery mud. The u^' of special fertilizer, hormone, growth promotkg 
substances, and methylcelhdose in this mud mEj prove of great benefit. A precaution should be taken, 
however, against letting this mud dty oil root's hefbre they are set in the field. The soil around the 
roots in the hole should be moist, too. The starter solution of KNO 3 and (NHJ 2 SO 4 or potassium 
and phosphoric acid used in a suitable Combination as the conditions warrant, in mud, may be of 
great help in successful transplanting. Putting dry tot around the stem near the surface is advisable. 
Sawdust can be used for mulcting around the stein near the surface with great benefit, but it may 
cause a nitrogen deficiency which can be overcome by the application of extra nitrogen solution. 

Protecting the transplants from bright sunlight and wind is recommended when economically 
possible, especially for the first couple of days after transplanting. 
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Praaing of top aa^l roots k pracfeisorl soTii3fcim3?i. Saippiag off/ piachiag, or even defoliation 
h practised with the idea of cutting down traaspiratioa. Pruniag of damaged and injured roots may 
be advisable to give a stimulation to root growth, but generally root pruning should be avoided. 
Pruning of top and roots has been found to decrease the yield [Krause, 1944]. Defoliation or 
pruning the top may reduce the transpiration and 'thus facilitate successful trasplanting, but it would 
also cut down the production of carbohydrates' which are much needed for new root growth. It will 
delay the crop, and may reduce the yield considerable. Pruning of top and roots, however, is prac- 
tised on celery without too much set back. * Snipping off ’ the upper part of the cabbage plant may 
be practised advantageously when dry weather is a serious factor, and if the growing season is long, 
for the crop will be late. Pinching back of the main stem of tomatoes will make the fruit setting 
late, but those of the lateral shoots of a stacked tomato plant would increase the early yield. 
Defoliation of lettuce plant [Krause, 1944] reduced yield and delayed maturity of head lettuce. 
The same result was obtained with cauliflower. Even in case of celery, heavily pruned plants 
yielded less than imprimed plants. Pruning, however, did not effect the length of the pebble. 
Priming of celery plants below their eight week limit did not prove to be of any harm, and 
unpruned onions did not show any advantage over pruned onions. 

As far as transpiration is concerned, urfpruned plants transpired less per unit area than pruned 
plants.1 In general, the rate and amount of root and top growth of cauliflower and celery plants subse- 
quent to pruning were reduced in proportion to the amount of foliage removed. Plant recovery 
and resumption of root and top growth after transplanting appeared to be directly correlated with the 
amount of carbohydrate present in the plant after pruning or at the time of transplanting. 

The presence of carbohydrate, especially in relation to nitrogen in plants, is another angle, study 
of which may help greatly in successful transplanting, for it has been found that the relationship of 
carbohydrates to nitrogen in plants influences a great deal the top and root growth. Although most 
of the work has been done on fruit twigs, which work is briefly reviewed here with the notion that 
similar work on vegetables may give similar results. 

Goldlewski's [Reid, 1924] work suggests that in the absence of nitrogen, root formation is favoured 
more than shoot formation. Chandler [1919] found that root growth increased much less than top 
growth by the addition of nitrates to peaches. Gericke [1922] has found that an abnormally large 
root development of wheat seedlings in proportion to that of top is primarily associated with deficiency 
of nitrogen in the subsequent substrate. Dachnowski [1914] working on tomato cuttings, found 
that cane sugar solution somewhat increased root growth. The knowledge of this fact can be ex- 
ploited by dipping seedling roots in a proper cane sugar solution before transplanting, or even when 
they are growing in the flats. The work of Knudson [1916] supports the above view for he found 
a marked influence of certain sugars on root growth of seedlings in relation to both their extent and 
their branching. Krause and Kraybil [1918] observed that a decided reduction in the development of 
root systems of tomato plants accompanied a continued removal of leaves from the top. According 
to micro-chemical tests, the practice also resulted in a marked decrease in carbohydrates in the stem 
and decided reduction in vegetative extension. 

After the short review of carbohydrate and nitrogen relationships as to root and top growth, we 
can better appreciate why the defoliation practice in transplanting time is more harmful than bene- 
ficial, and also why hardening, besides its other advantages, helps greatly in successful planting by the 
accumulation of carbohydrates. 

The interrelation of material within and without the plant is of great influence on top and root 
growth. Robbins [1922] found that excised roots of several kinds of seedling would, under sterile 
conditions, develop a considerable root system in a mineral nutrient solution containing carbohydrate, 
but that little growth in one to which no nitrate was added. The root would not continue to grow 
indefinitely under either of these conditions. His conclusion is that the root of a seedling derives 
some material from the seed other than glucose, the mineral salt, water, oxygen, which are necessary 
for continued growth and which new roots cannot synthesize in the dark in solution culture from which 
the materials are supplied. 


TH® INfOIAN tTOURNAL OF AaRIO(JLT0RAt* SCIENCE 



Turner [1922] siigg33fe^ that; the increase in ratio of top to root, which results from increasing the 
amount of nitrates in the solution, may b3 explained on the basis of the increased use of carbohy- 
drates in the top, because the greater nitrogen supply makes for greater growth. This results in 
decrease in the supply of carbohydrates for the roots, which may bring about an absolute or relative 
reduction of root growth. This suggestion gives us a clue as to why an application of nitrates at the 
time of transplanting is not advantageous for then the problem is to have more root growth than top 
growth. 

Eeid [1924] substantiates through her work the above results. She found that smaller supplies 
of carbohydrates were associated with a relatively smaller quantities of roots than shoots. A small 
supply of nitrogen had a more limiting effect on shoot production than it had on root production. 
It is the relationship of nitrogen to carbohydrates, not the definite ratio actually, that has an influ- 
ence on root and top growth. Her work shows that light encourages shoot growth and darkness root 
growth. 

Ellis and Eyster’s [1931] work which interests us here is the study of the effect of insulin and 
glucokinin on maize seedlings of green and non-green type. They found retardation in growth of 
seedlings grown in distilled water containing per cent of insulin or glucokinin. In the stronger 
solution, the formation of secondary roots was practically inhibited. In solutions weaker than O-OOS 
per cent, growth was somewhat increased. This latter concentration of insulin or glucokinin may 
possibly be exploited for successful corn transplanting, at least on a small scale. 

Priestly [1929] did work, which, although on twigs, may suggest another aspect of the use of 
chemicals in successful transplanting. He found that acids favour the apical organization of the 
roots, and an alkaline condition, the shoot meristem. Protein leaves the alkaline side rapidly. He 
found plants in KH2PO4, a relatively acid solution, gave buds in three days and roots developed two 
days later, but when a relatively alkaline solution of KgHPO^ was used instead, the roots developed 
in three days and buds after two weeks. On the basis of these results, he developed a pH hypothesis, 
an understanding and application of which may be greatly exploited for successful transplanting by 
encouraging root growth. 

Some hormones and other growth-promoting substances which can encourage diffusion from one 
tissue to another of chemical substances which affect permeability, protoplasmic power of synthesis, 
and cell division, may turn out to be of great help in successful transplanting. Transplantone, a 
plant hormone, is on the market, a claim for which is made that it reduces wilting and starts growth 
sooner, without interfering with the proper development and growth of plants. It is being used on 
trees and shrubs. As to how it would work on vegetables, there is no experimental work to base an 
opinion upon. 

In closing, a little discussion on treatment of plants and cut flowers under water in partial vacuum 
[Hamner, 1945] may be of great help to understand its significance for successful transplanting. 
Six inches tall tomato plants under water were subjected to a vacuum of 30 lbs. per square 
inch for 20 minutes. The coming out of air bubbles from the plant indicated that it is being 
replaced by water. Plants treated thus were placed at 95"^ F. and a relative humidity of 20 per cent. 
The check plants showed wilting after five minutes and after thirty minutes they were badly wilted, 
while vacuum treated plants showed wilting only after four hours and only half were wilted in seven 
hours. When these were put into water, most of them recovered, while most of the untreated plants 
did not recover after they were placed in water. 

This vacuum treatment of plants under water is of great significance. Its use on seedlings that 
are being shipped for long distances especially, would greatly increase their ability to withstand 
wilting, and so would contribute greatly to the maximum success in their, transplanting. 

Summary 

A successful transplanting is a four-fold problem. First it is a problem of cutting down trans- 
piration below absorption of water by the roots. - Second, it is a problem of encouraging prompt 
cogeneration of jx§w poot growth, TJiird^ it is a problem of storing water and suitable food materia}^ 


: . V: ,'03 

Iiotli witliiii tli« |jl«!it and aroiiml tlie nmu, m that it may not wilt ; inBioad it may initiate new root 
gruwili. Foiirtln it aiitirii>at-es a fmddom of !mrdeiiin<>' of tlm phnO to omdiie it to witti.stami .siirreHS- 
killy tlio ilyoiir of tlo* preKtaHoii weather, Any imdliotj, moasui-o or farlor that liolps a plant tu face 
tJm.se probkaim saica'cssfulfy, woukf etmtribute ginatly to Hucnmssfid trausplantiox. 

Uditkaiiiio makes a plants not only aide to witlntand extr^mie ueattier (‘omlil ions, but also cause 
an aeoiiimiiat.iuii of Oiiriadiydrates, which iaf<u* eoniriiaites to prompt init iation iieu r<iote;rowth* 
1'iic »!!st*oVory aiu! siibstHpamt nse of some CiirbohydrateSj oilier eltemioais with suitable pli, and tin? 
0 )ot j^rowtli promotin,u liarinones; would luidonlttedly he a ^reat I'onrribiitiou lo sne<s*ssfiil traiisfihiut-' 
illg; . ' ■ " ■ . ■ ■ 

The proper use of methyleellulosr* in field s<ni or iiiilat dirt could ho a, gTcfit prutiauioii against 
root drying. It mui hold eonsiderafile moisfnrt,? and also would jiermit least iujiiry ti} r^iors at the 
time when plants arc puUeil for rraimfilant ing. It will also he.lji in revlucing t he. danger from * «htm[>iug 
off h a tiis(iasf‘ which is vaa'V fatal to s(a*dlimjs. 

The knowledge ami subsiupient use of certain snitablft sprays used at the tine; when plants are 
pulled for transplantitig, could reduce the liazanl of wilting. t>iiital.de paekages for shipping .seedlings^ 
either alone or with the use of a spray, could l>e used efleetiv'cly to rcdiu'c the <langer of root dr‘viug 
and wilting by cutting down the, water loss tJirou'ih transpiration, in this substanees like 

pliofilm hold great promise. 

Partial vacuum treatment of seedlings under water is very effective to enal'de a plant to delay 
wilting for sevanuJ hours. Its use, along with sprays or suitable jaickages eou]<l greatly help tlie 
.seedling shipping industry. It could also be us(*i[ locally espcMually when the svi It ingr danger at trans- 
planting time, i.s great ■ mnd this ecoufimicuil^Muo.* ■ 
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B.Sc. (Aob.), Fodder Botanist, Sii’sa 

(Received for publication on 4 September 1046) 

(With two text-figiires) 

L ucerne is one of the very important fodder crops of this province ; no other perennial 
fodder crop yields such a high tonnage under irrigation as this crop. 

Lucerne is the oldest plant cultivated solely for forage. The expansion in the acreage devoted 
to this crop has been gradual and has tended to keep pace with the expansion in canal irrigation ; 
but this gradual increase in lucerne cultivation does not mean any lack of appreciation of the high 
value of the crop, and its importance in the farm economy of the Punjab. 

Despite the length of time lucerne has been in cultivation, one is sometimes struck by the paucity 
of varieties actually being grown today. This fact is, however, no indication that this crop has received 
little attention as regards the introduction of varieties from other countries with a view to improve 
the existing situation. 

A recently concluded international variety trial, which ran for a period of six years at the Fodder 
Research Station, Sirsa, and which embraced a comparison of our common varieties with varieties 
from other provinces in India and abroad, showed fairly conclusively that, over a period of years, 
varieties from abroad do not compare very favourably with the indigenous varieties. In this trial 
not only the yielding ability of the variety was made an index of its value, but also such character- 
istics as longevity of the variety and mortality were kept in view. In addition, it was apparent 
that the exotic varieties had to contend with the aclimatization factor, w^hereas varieties, obtained 
from India, had adapted themselves to local conditions over a long period of years, having been 
subjected to natural selection. The foreign varieties on the whole showed a markecl reduction in 
yield after a period of a few years mainly through the death, of plants. 

As a result of these conclusions, it would appear that varieties in cultivation in this country 
provide good material for cultivation. There is, however, a vast scope for the improvement of present 
day varieties by means of both breeding and selection work. Although a stage has been set for the 
improvement of the crop by breeding, several years must necessarily elapse before seed of improved 
lucerne types can be made available to the growers. Until this work is carried out with success, 
there is a very limited choice available to the growers ; and the results of the experiment, carried 
out at Fodder Research Station, Sirsa, should be of great interest to the lucerne growers. 

Material and methods 

Seed was proc-ured both from abroad and from various provinces in India. The varieties from 
the former source included three from South Africa, viz. African Chinese, African Province, and 
Hairy Peruvian ; one from Tashkent (U. S, S. R) and one from Carters (Great. Britain). The varieties 
from Indian provinces included two from the United Provinces and one from the Central Provinces 
and Qpe from Poona (Bombay). Some of the characters of these 10 varieties have been given in 
Table 1. 1 

With the limited knowledge of each variety, the grower finds difficulty in the selection of the 
most suitable, in assessing the benefits he m likely to derive from the cultivation of one or the other 
variety, and in finding out whether the differences in price of seed are justified. Any short term 
experiment over a period of two or three years only may be quite misleading, especially in regard 
to longevity. Taking these pointis into consideration the results of a varietal trial which was conti 
nied for a period qf six years should be of interest, ^ 
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1 per 5 per 
cent cent 


Table 11 


T/ie fields of green fodder and cuttings of the ten lucerne varieties during the period 1937-42 at the Fodder 

Research Station^ Sirsa 

acre in mcmnds. 


THE lNDIAK-.4“0tmljrAL, Ol’' AGanCULTUBAL . SOiENOE 


'ilie UFuial nietliod of comparison of yield data from fodder experjiiKmis is bused strictly on tlie 
fu'crage } iel(Ls obtained. While average yields offer tlie best <]irect basis of cuinparison of \'a<rious 
plot treatments, they may nevertheless be supplemented witli ad^'aiitage by a,d(litio.na] data such os 
height, tilleiing capacity, and uniformity of stand. It is possible that the results of the fodder ex- 
periments carried out for a period of years may be more interesting when average yields of some of 
tlie g’ood varieticvS are expressed iti relation to ditferent environment and seasons as represented 
by. years. ■ ■.■■■- • , ■ ■■ 

The yield data (.if the ten lucerne varieties, viz., Nos. 4, 6, 7, 8, 9, 11, 14, 15, 21 and 25 fro.ni an 
experihumt conducted at the Fodder .Research Station, Sirsa, were available for study. The com- 
parative fodder yield trial was started in 1930-57 and has been carried on up to the end of the year 
1942 making the yield data of six year period available. 

The test was conducted with these varieties in ten replicated randomized plots, each of wdiich 
was 1/1 56th acre in area. The sowing was. done by means of a hand drill .in rows 1 ft. apart. The 
germination and stand were very uniform to start with and the crop became ready for first cutting 
in March 1937, Ee, after a period of four months. 


DiSCUkSSIOX oe besults 


The time and frequency of cutting lucerne are influenced by so many variable .factors, such, as 
moisture supply, soil conditions, length of the growing season, intensity and duration of solar radia- 
tion, severity of winter seasons, etc., that no cutting schedule coidd be fixed. The crop was harvested 
for fodder as soon as tlie varieties started first flowering. An insect, the leaf hopper (Empoasca 
fabae) had a direct bearing on the time of cutting in the years 19404L Leaf hoppers easily cause 
serious injury, because if the adults lay eggs in the }mung second growth, severe damage occurs on 
account of large populations of resulting nymphs. The ne^v crop growth had, therefore, to be cut 
before it was ready, in order to remove the eggs in the fodder and to reduce infestation of the second 
growth. 

Except the attack of this insect in the years mentioned and the influence of heat combined with 
humidity during the monsoons, which resulted in numerous casualties in the stand of the crop, no 
other factor was observed to have caused any retardation in growth. The yields of green fodder 
obtained during the course of the experiment show clea.r]y how each variety responded to these con- 
ditions. The average yields of gi’een fodder obtained from each variety in the six years were ana-^ 
lysed according to Fisher’s method of analysis of variance, and are given in Table 11. 
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. SeQso/tS . 

Fig. 1. -Avwagf yields of lucerne Kos. 8 and 9 from year to year 

er acre oi all the varieties tried and those recommended J 
are iurtner presented graphically, showing the relative yie’ 



fm mDtAN;;rotJE^'At .ojr AaEidiJLtrmAi.':scii3KCE 


[fc will be noticed that even after six years the yields remain high in the ease of Nos. ■ 
to some (‘xtent in Nos. 7 and 15, while that have fallen considerably in all the others. T 
su])port the statement that exotic varieties from abroad, viz. Nos. d, 6, li and 23 do n< 
their yields over a long period of years like the more commonly grown country varieties. 

Nos. 8 and 9 showed definite superiority in respect of yield and,, in addition, maini 
lead throughout the experiment ; No, 15 stood third in total yield and out yielded all 
the experiment in. 1939. The differences between the total yields of Nos. 8 and 9 were al 
gible as is seen in Fig. 2, 


Varidt/es 

^10. 2, Average yield of green fodder of 10 lucerne varieties over a period of six years. 

These results have been further corroborated by the results of other experiments with some of 
these varieties at other departmental stations. Table IV gives the yield of green fodder per acre 
at Montgomery, Hansi and Gurdaspur Agricultural Stations. 

Table IV 

The yield of green fodder per acre in maunds 

Varieties SignificaBce 

Vear.-,.' StatioE',, ■■ Local' • ■ ' ' ' ^ ^ — — - — 

6 8 9 15 21 1 per cent 5 per cent 


Kontgomery 

Montgomery 

Montgomery 

Hansi 

Hansi 

Ourdaspnr 


From an examination of Table II it will also be observed that during the first year Nos. 8, 9^ 
14 and 15 yielded more than 400 maunds of green fodder per acre, and only small differences were 
discerned am ong them ; but in the second year of their growth, No. 14 was the poorest yielder. There 
was, however, insignificant difference among the other three, varieties which yielded more than 1,000 
maunds in ten cuttings. These three varieties 8;^ 9 and 15 maintained their superiority over 
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¥1RI®TIES FOE OtimVATlO.N 

Others throughout the renijuiiiiig |)t‘ri«Kl of the e^|>erime.'ot. B.iit ,iti t\m aixtli year, Xch. 8 ainl 9 
gave companitivdy higlK*!* yiahls than No, li), 

Nh>H. 8 aiicl U yithled, on the average of .six years 882 ami 8H7 niHiiiids of green fodder pt^r acre 
iwpeetivdy. In ilie sixth year, however, limy gave an oultarn of iVIl a.nd doh nnninds per acre 
respectively which is higher than, all otln'm ' . • 

Apart from tht5 yiedding aldlitieH of the clitferent varieties, longevity of a variety is a very desira- 
able character awl may be influenced by soil conditions, fertility and available moisture, lioeing, ami 
weeding of the crop. However, \'arietias growdng riTKler equal conditions do manifest ermsidraabie 
variation in vigour and ainlit}' to last, and this can be seen in Table V" which ,aive.s tlie number of 
total plants of each variety in the year 1940 after a period of four years. 

. Table 'V. 


The hUh/hey of iut(d /fl((oJs in raeh 'variety m the experiment after a period of f oar pears 


'■ VurietT' 

Xo. i>r plaiit.s in 10 

4 . / . . . ■ . . . . . . . 

H>Ci 

. « * » # , ; « . tt w ' » ' . « 

1884 

i' »'• »' '» « t m ■' it 4 0 

1998 


199:1 

fl’ «' * » « « » «- « '• 

:?208 

' _ P • »■ ■ * ■ ' * • ■ ■■» ¥ . ¥ 4 • 

540 

# * » ' ■# '*■ • . P ■ * •- *• 

20 

<tF'0' » * *..* K * • * « 

224 i 

W P -41 « *■ • '«■* « 

1862 

■33 « ' P ♦ « .* ♦ * » ¥ « .* « *■ 

;i95 

The amount of spficc ccjvered f>y ouch variety during the fourth year as shown i)y the number 


of plants varied to a veiy gr(*at extent. Although the amount of ground covered by Nus. 8, 9 and 15 
also show great variation, it is tlie highest in case of No. 9 while low in t he ease of Nos. 8 and 15. 
Bh'oni the figures presented above, it would appear that No. 9 after 6 years liad a nuich better stand 
of plants than Nos. 8 and 15 ; No. 8 with a comparatively low^er number maintained its yielding 
ability due to vigorous growth and bigger stools. Other varieties have not only shown poor ability 
to survive, but in addition there has been marked encroachment by weeds. No. 14, which yielded 
about equal to these superior vaiueties in the first year, gave the poorest yields later on, because of 
the largest number of post germination resulting in plant casualties. These varieties, i.e. Nos. 
8, 9 and 15 reached a stage in the sixth year at which it was considered uneconomical to retain them 
any further. 

It has already been mentioned that none of the varieties, vix/8, 9 and 15 can be identified from 
their vegetative characters when grown side by side. However, diflereiices in vigour of their growth 
were notable. ' ' ^ ^ ' 

No. 9 is erect and vigorously growing, tillers profusely, with numerous branches. Its leaves 
are medium sized and dark green in colour, iiow’'6rs light violet, mature pod light smoky and of medium 
size with ]>lump kidney shaped seeds light yellow in colour. No. 8 is also an erect and a vigorously 
growing variety. It tillers profusely and each tiller has several branches. Leaves are broad and 
dark green in colour, flownrs violet, nmtuxe pods light smoky and of medium sized with plump, kidney 
shap<jd seeds yellowdsh in colour. 

Both have given exceedingly good account of themselves and have been placed on the list of 
approved seeds of the Agricultural Department, Punjab. 

Summaby; 

Until such time as improved strains of lucerne are put on the market, the varieties Nos. 8 and 
9 are superior- to others Tinder irrigation^ and have been recominonded for cultivation. 
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MJS 'INBMK JOUENAL OF; AaEIOULTUPvAL SCIFNOE 

TJiese varieties not only gave high yield of green fodder from the very start, but inaintamecl 
their high, yielding ability for a large mimber of years. 

Tlie high yields are tliie mostly to their uniformly good stand throughout the period of six years. 
Ko, 9 covered tlie inaxiiiinm anioimt of space but No. 8 compensated for it by quick growth and 
high tillering ability. 

In a<Idition to the hig]] fodder yield, ability to survive over a number of years is an im])ortant 
factor deteirnining the seh*ctioii of a variety. No. 9 was superior to all utliers hi this respect as it 
had the least number of pest germination resulting in plant catniahies. Nos, 8 and 9 both hav< 3 , 
therefore, been reeoniinended foimultivation in the Punjab. 


A TimjmnsAKY note on the essential oil BEAEINO PLANTS 

cmowmo IN KASHMIEPIT 

By I, C. Chopka, K. L. Handa and L. D. Kapoor, Drug Research Laboratory, Jammu-Tawi. 

(Received for publication on 6 November 1946) 

I N a previous paper [Chopra 6^ ui 1946] we gave the results of investigations carried out in the Drug 
Research La])oratory in connexion yvith the essential oil bearing plants growing in Kashmir. 
In some the yield of the essential oil was too small for commercial exploitation wliile in others it 
was promising. This latter group has been taken up for detailed investigations and the results of 
these studies will be commimicated in due course. 

Since then a number of other plants with reputed aromatic ].)roperties have been collected in 
course of our botanicail excursions in different parts of Kashmir. The results c^'mrfiiminary investi- 
gations on these plants are reported in this paper. 

The plants mentioned lielow have been studied : — 

Aeonis cahmifH, {BivecH flag ; Fern. Bach. Vai). 

This plant is a semi-acquatic perennial herb with an indefinitely branched rhizomes. It is 
originally a native of Europe and North America but has been cultivated in India in damp marshy 
places at altitudes of 3,000 to 6,000 ft. above the sea level. In Kashmir it grows on the- borders 
of lakes and marshy area>s. The rhizomes are used in the indigenous medicine as emetic^ nauseaii^l, 
antisposmodic and (‘arminative ; they are also used in the treatment of astlima, diarrhma arid, 
dysentery [Chopra, 1933]. In foreign countries the normal oil of sweet flag is used as a perfuming 
material and also as an ingredient in imparting flavour to gin and some types of beers. 

The fresh and unpeeled rhizomes of the plant were steam-distilled and an oil with a l>rowriish 
yellow colour and agreeable odour W’-as obtained. The properties of this oil were studied and com- 
pared with the foreign oil [Grlidemiester and Hoffmann, 1922] as given below : — 


— . 

Local oil 

Tnclian oil 

Foreign oil 

yield of the oil from uii peeled rbizomei^ 

Bpeeifie gravity , . , , . 

Refractive index 

/3^1 per cent 

LOS at L)^C. 

L5475 at 2(PC. 

l*r> to per cent 

1*069 at LV'C. 

1*5 to 3*5 per cent 
0*959 to 0*97 at 15%*, 
1*5028 to 1*5078 at 

2mc. 


tamala {Vern. Tejpat^ Dalchini) 

Oflicial cinnamon oil is obtained from the bark of Cimiamomum zeylanicmn, a tree which is in- 
digenous to Ceylon. This oil is carminative and has antisei)tic properties and is used in medicine. 

Cimiamomuni imnala grows wild in the Rajouri and Kathua forests of Jammu province in Kash- 
mir ‘State. The bark possesses a ciimamom-like odour and the leaves are iised locally in place of 

■ ■ , 




Local oil 


Foreign oil 


Local oil 


0*36 per cent 
0*7 per cent 
0*9375 at 15X. 
1*4778 at 20®C. 


Yield of the oil from fresh herl> 
Yield of the oil from dry herb . 
Bpeciio gravity . . ■ . 

Refractive index 


0*07 to 0*29 per cent* 

0*3 to 0*9 per cent. 

0*927 to 0*945 at 15°0. 
1*473 to 1*486 at 20’C. 


Local oil 


Foreign oil 


Yield of the oil -.13 per cent. 

SfH^cific gravity . , . . . . . . . 1*0275 at 15°C. 

Refractive index . . , . . . . . . 1*629 at 20°a 


A FRELIMINARY NOTE' OK THE ■.■.DIX.-BEAEmO FLANT*^ 


cinnamon Lark, fu orrkit to cletermine if this species of.eiiHiamotmmi can be exploited for the pro- 
thietir>!i cd* ciniiainimi oil, bcith tlie dry leaves and bark -ware: steam-distilled and a light brown oil 
was obtaiiie<L Tln^ properties of this oil were studied and'compared with the oil obtained by ScM- 
mmel and (Jo. from the East Indies [Gildemiester and Hoffmann, 1922] as-given below 


Hyssopiis ojjldnalk ( VenL Zyfah-yahis) 

Hyssop oil is mainly distilled from Ilysmpus officinalis which is indigenous to countries 
ing on the Mediterranean sea and also in Central Asia. The plant grows in Baluchistan and in the 
Himalayas at altitudes ranging from 8,000 to 11,000 ft. It is not indigenous to Kashmir Va~“ 
but has been successfully cultivated in the Forest nursery at Baramulla. 

The leaves of the plant are used in the indigenous medicine as a stimulant, stomachic, expectorant, 
diaphoretic and as an emmenagogue [Chopra, 1933], Hyssop oil is also much esteemed for flavour- 
ing purposes and is said to l)e an ingredient of some of the French Iic|uors [Parry, 1925]. 

Both the fresh and dry herb procured from the forest nursery were steam distilled and a brownish 
yellow oil with aromatic odour was obtained. For comparison the properties of the local oil and 
that of the foreign oil [Gildemiester and Hoffmann, 1922] are given below : 


It appears from the data given above that the yield of the oil from the herb and the physica 
constants of the oil compare favourably with those of the foreign oil. The plant has acclimatized 
well for artificial cultivation in Kashmir Valley and can be commercially and economically exploited 


Angelica glaum {Vern. Chora) 

This plant grows in abundance in moist places at altitudes of 7,000 to 9,000 ft. and is very common 
in Kisehnaganga Valley. Locally the root is much used by the inhabitants as a spice ; it is also used 
in the indigenous medicine in the treatment of dysentery, constipation and as stimulant and cordial 
tonic. In the foreign countries the Angelica oil obtained from Afckangelica officvnalis is used in 
perfumery aiid in flavoring of liquors. 

The dry roots of the plant were steam-distilled and a brown yellow oil with the following pro- 
perties was obtained. The constant of the foreign oil [Gildemiester and Hoffmann, 1922] are also 
given below for comparison. 


Yield of tlie oil from dry bark . 

of tlie oil from dry leaves 
Hpeeilie gravity 
Rffrac'tive index » . 


0*05 per cent 
jwr cent 
1*023 at 
1*5775 at 20X*. 


1*0257 at/ir C. 
1*52590 at 20°C, 
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Salma species 

Sage oil wliicli is largely Hsed in foreign countries is obtained from Sahoki officinalu whicli is 
indigenous to tlie Mediterranean area and is also cultivated iii many coiiritries with temperate dima.t(3 
as an ornamental plant and also for its medicinal properties. The oil is largely distilled in Dalmitia 
and its yield ranges from 1*3 to 2*5 per cent [Parry, 1926]. 

A number of species of grow wild in tlie hills bordering on the valley of Kashmir. These 
are reputed both for their medicinal and aromatic properties. The species which commonly oe.cur 
here sue: Salvia 'mooreraftiana (Vern. Kalijarri), S. ghdinosa, S, dundtormn, S. Jiians, S. laiana, 
etc. In order to see if these species can be suitably exploited for the production of Sage oil of commerce 
the first named four species were collected from the Sindh division in Kashmir. The dvy leaves nud 
flowering tops were steam-distilled and the following yields of the oils were obtained : 


1. Bahia mooremfluma 

2. B. glutinosa . 

3. dmnetormi 

4. B, Mans 


0*25 per cent 
0*32 per cent 
0*34 jjer cent 
0*24 per cent 


The percentage yield of the oils of these species is so low that no economic exploitation of these 
can be undertaken. It is, however, possible that the yield of the essential oil may increase on culti- 
vation on suitable soil. This will be tried. The other species are under investigation and their 
results will be communicated in due course. 

Elsholtzia species. Many species of Elslioltzia are found growing wild in vaiiey of Kashmir but 
only two species for the present have been studied for their essential oil contents. These are 
E. cristata and E. densa. 

Elsholtzia cristata. This plant was used in the indigenous medicine as rm antipyretic and diuretic 
but this has now been given up. It grows wild in Kashmir Valley oi i thebanlcs of streams. The dry 
herb was steam distilled and a yellow oil, turning brown on standing, was obtained. The properties 
of the local oil were studied and compared with the foreign oil [Gildemiester and Hoffmann, 1922] 
are given below : 


Local oil 


Foreign oil 


Yield of the oil 
Specific gravity 
Refractive indes 


Elsholtzia densa (Vern. Poodina). This is an annual herb found commonly in Sindh division 
of Kashmir Valley. The whole dried herb was steam distilled and a brownish coloured oil with the 
following properties was obtained : 

Yield of the oil 0*98 per cent 

Specific gravity . . . , . , . . 0*9697 at 15°C. 

Refractive index 1*4675 at 20®C. 


Heracleum V cachemiricum 

This plant is commonly found wild in the mountain regions in Kashmir especially in the Gurez 
Valley up to an altitude of 11,000 ft. The fruits and leaves of this plant have aromatic properties. 

The dry fruits collected in the month of September were steam distilled and a brownish oil with 
the following characteristics was obtained : 

Yield of the oil ' . . , # . .. . 0*8 per cent 

Specific gravity - . . . ... , . L0304 at 15°C. 

Refractive index . . . * , . * . . 1*504 at 20^0. " 
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bpecies 

:\liuiy uf J/iimishi utr foiiiHl growing wild in KaBlimir Valley and Boinc i>f them are eeo- 

nojiiirjjJly c‘X|}ioii'<*f! i\g» Ademism hmujolm^ for the prodiieiloii of santoiiine. Artemisia 

ffkvidfiiiiiif wliieli yieidB the wormwood oil also grows abundantly in Kashmir. . 

With view to stinly the (:^sseiitial oil contents of these species the following plants were collected. 

L Arkmisia dmcunmdus 

'2. A. hmiiaia 

3. /L amygiMmm ■ , ■ " 

4. A, grata 

5. A, ] Mir Cl flora 

Ariemisia dracaHcalm yiohi'i the estra.ng‘m oil of cornintto'.e whMi ivS largely used in conserves 
ittiii ill llje preparaiiois of aHamitie vinegar. The IJowering shoots of the above plant were steam 
distillecl and a brown oil was obtained,. The yield' .and other- properties were determined and compared 
with tlK3 foreign oil [Gildeniiester and Hoflmann, 1922]. 







Local oil 

Foreign oil 






Yield of the oil 
gravity 

Eefraetivo index 

. , 

■ ■ . 

■ 

. 

0*7 per cent 

0- 9492 at 15 C. 

1- 5235 at 20TJ. 

' ,0-25- to 0-8 per cent 

0- 900 to 0*945 at 15'^C,' 

1- 502 to 1-514 at 20°C. 


Tile other four species yielded on steam distillation only traces of essential oil ; therefore, their 
other properties could not be studied. 


Macruimma beniJmmi. (Vtru. Gaozabmi) 

The plant gro'ws wild at altitudes of 10,000 ft. -and i-s largely met with in Giirez and Chota Deosai 
ill Kashmir Valley. 

Water, shurbA and jam prepared from the Howering shoots is extensively used by IiakimB in 
deseases of tongue a.nd throat and in the treatment of fevers [Kaul, 1928]. 

The whole of the dry plant was steam distilled but essential oil could only l;)o extracted in traces* 

Ehu$ suceeedana {Verm ArJehar) 

Tim plant commonly grows in the forests of Kashmir and is reputed for its aromatic properties. 
Botli dry fruits and leaves were steam distilled but only traces of the oil were obtained. 

Vikx av.gando (Veryi. Nergundhi) ami Lajdaim mmara {Vern. Vlianeri) 

Tlnxse ar<i both i^xtensively used in the iiuligenous medicine and are reputed for their aromatic 
propiaties. On steam distilling the tlry flowering slioots of tliese plants, very little of the essential 
was obtaiiusL The !*esults of d<3taiied studies on these plants will be communicated in due course. 
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A NEW METHOD FOR THE DETERMINATION OF THE AVERAGE DIA- 
METER OF TEXTILE FIBRES, FILAMENTS, FINE WIRES, ETC. 

By Nazir Ahmad and R. L, N. Iyeng ar, 

Indian Central Cotton Committee, Technological Laboratories, Bombay 

(Beceived for publication on 14 November 1946) 

(With three text-figures) 

T he fineness of the cotton fibre which is determined by the diameter of the original cell is a 
very important criterion of the spinning quality of a sample of cotton, especially in the long 
staple cottons. The method of studying this character is generally the microscopical method which 
is not only strenuous but time absorbing and for this reason the fibre diameter is not generally studied. 
The object of the present investigation is to develop a method by means of which the average dia- 
meter of a large number of fibres could be determined accurately and quickly. The method develop- 
ed is applicable not only for cotton fibres but also for other fibres hairs, fine wires, etc. 

Theoby 

The theoretical basis of the present investigation is as follows. A beam of light of uniform 
intensity passing through an accurately made slit falls on a photoelectric cell and the photoelectric 
current (J/^) produced is measured. If it is assumed that the current is proportional to the area 
of illumination, then 

Ij wl (1) 

where ifc is a constant and w and I are the width and length of the slit respectively. Next a paral- 
lelised tuft of opaque fibres, filaments, etc., with as little overlapping as possible, is interposed in the 
path of the beam perpendicular to the length of the slit. The area of illumination is now reduced 
by an amount equal to 7i w d, where n is the number and is the average diameter of the material 
under study. If the intensity of illumination remains the same as before the current, is given 

by • ' ^ 

I 2 ^h{wl~nw d) (2) 

Prom (1) and (2) it follows that 


L 

n 




.( 3 ) 


The terms on the right hand side of (3) are all known excepting n, which can be counted either 
with the naked eye or with the help of a low-power microscope and from the knowledge of this d 
can be calculated. 

The two assumptions necessary to satisfy this equation are (1) that the fibres, filaments, etc. 
are opaque to the light and (2) that there is not any appreciable overlapping. If the fibres are not 
originally opaque it may be possible to render them opaque ])y dyeing. The condition for avoid- 
ing the overlapping may be satisfied either by mounting the fibres, filaments, etc., individually or by 
taking sufficient care in the process of parallelisation to ensure that there is not appreciable over- 
lapping. In actual practice it is possible to satisfy both these conditions in most cases. 

ExpEbimental ,, 

(a) Apparatus, The apparatus shown schematically in Fig, 1 essentially consists of a hollow 
cylinder supported on two uprights. An electric lamp placed at one end of the cylinder is fed with 
a constant current of 1*8 or T9 amperes from an 18 volt storage battery. A fine variable resistance 
and a sensitive ammeter are used in the circuit to maintain the current constant, which is essential 
for the accuracy of the final result. A condenser and suitable diaphragms are provided to obtain 
a beam of light of uniform intensity which is made to pass through a water-celTfor absorbing the^^^ 
heat rays. The light emerging from the water-cell passes through an accurately made slit, 30 mm. 
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long iml 5 iiioi. wide* I.I 10 plate of this slit- is provicled; with a soitable HtancI for holding the slide 
on wlifi'li the libreSj lilaiiieiiiSj etc. niiiy !>e mounted. These slides can Ixi interehaiiged rapidly to 
einible a fairly large nninbcr of readings to be taken on the same or ditlereiit iimterials. The light 
emerging iliroiigii tlie slit falls on tlie photoelectric cell, placed at the other end of thc 3 cylinder as 
near the slit as possible. The cell is of the Weston ‘Photronic’ type and is coiiiiectcd in series 
with a resistance of about 500 ohms to a Cambridge and Pan! ballistic galvanometer, with a shunt 
r>f 100 or 150 oliiTis. 



(5) The slide and Us use. The slide mentioned above is an important feature of the apparatus 
it helps the preparation, within a few minutes, of a parallel tuft of cotton fibres with very little 
overlapping, wdiich is a serious source of error in this work. It is a modification of the Ahmad and 
CJulati [1936] slide, with velveteen pads in place of the fibre pads. As shown in Fig. 2 it consists of 
two pairs of pads A and B. At the conunencemeiit the upper pads of A and B are removed and the 
low^er pads are kept flush to each, other. A thin tuft of about 150 fibres, one layer thick, is extracted 
from a prepared sliver by means of a tweezer and is placed carefully on the slide such that the aligned 
end caught by the tweezer lies on the fixed pad A, near its edge and that the fibres lie without over- 
lapping on the movable pad B, perpendicular to the edge. Now the upper pad of A is inserted 
and screwed on to hold one end of the fibres tightly. Next the upper pad of B is also inserted and 
pressing it gently B is pulled apart from A slowly until the required length of the fibres is exposed, 
when the upper pad of B is screwed tightly. Now holding A and B apart such that a small tension 
is exerted on the fibres, B is fixed in this position. The combing action on the fibres when pulled 
through the velveteen pads effects good separation and parallelisation and the whole process gives a 
tuft of parallel stretched fi],)re.s with little overlapping. 

in the later work the overlapping was further reduced by using the following technique. The 
fibres mounted in the slide as stated above vrer^ viewed wdth a pair of binocular magnifying glasses 
and the fibres found overlapping w-ere separated out with a needle. A few fibres that continued to 
ov(‘rlap and a few short fibres that did not occupy the whole region bctw'een the pads were pulled 
out with a pair of fine forceps. By this procedure the overlapping was made very small. 

It .should be stated, however, that the overlapping cannot be reduced beyond a certain mini- 
mum. It is, therefore, necessary to determine the average number of fibres that lie across a certain 
section of the slide. For this purpose the number of fibres was counted by moving the slide under 
the microscope perpendicular to the length of the fibres, very low magnification being used so as to 
bring the fibres in the different planes within the focus. While counting, the fibres crossing the 
])ointer end of the pointer eye-piece were examined carefully. If two fibres overlapped completely 
at. this point they were counted as one. If, however, the overlapping was partial discretion was 
used to allot the number^ but this certainly is a source of error. It will be found later that though 
this error was perceptible with the first method of mounting, it almost completely disappeared with 
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tte improved tecliiiiquo. The counts were made at three sections along the length of the fibre and 
the mean of the three was finally taken as the average number. 



Fig. 2. The diagram of the slide 

(c) Mercerimig and dyeing. The cotton samples were first mercerised with 18 per cent caustic 
soda solution in order to make the cross-section of the fibres nearly circular* After washing, scour- 
ing and washing again the fibres were made opaque by dyeing in a boiling solution of chlorozol black 
for about 15 minutes. Material other than cotton which was not opaque was also dyed similarly. 
The dye solution contained by weight 1 per cent chlorozol black dye, 10 per cent glauber salt crystals 
and 89 per cent distilled water. About 10 c.c, of the solution were used for about 100 mg. of the 
cjttou ample. After dyeing the cotton was washed in running water until the water was free from 

colour. The cotton was then squeezed out by hand and dried in an oven at a temperature of about 
105T. 

Whether the dyeing process modified the fibre diameter to any appreciable extent was the next 
point to be ascertained. This was done by finding the diameter of several samples of cotton micros, 
copically both before and after the dyeing but the values obtained showed no significant variation 

(d) Photoelectric current or voltage. Before taking up the actual work one point had to be deci- 
ded, namely, whether to use the current or the voltage characteristic in the present study. A pre- 
liminary enquiry was, therefore, made and the diameter was calculated using both the properties. 
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\ allies weiiM'ompamI with the valuen of the dknieter os ch^terioiiUMl iiiierosiiopieolly, 
ft v,a'‘ jiiiifiu lliot the dio!nf*lei* eolnilated from tie* earreot agreed wore elo.selj. Besides the varl- 
abili!} between the iiidividuol reaflings won found to he less in the case tif the ciirrent values* More- 
mer t le \aliies of the diameter obtained frtnn the voltage rlata were, in uli cases, less than those 
fmiii tlie current (lata, wldclMlivcrgeiice is found to have a theoretical basis as shoAvii in the Appeiidix* 
r iirthemiore the makcms of the * Photronic ^ ecdl also arivocate the current characteristic as it is 
less iiiiiiiericed J)y temperatiin* changes. In addition to these, the experimental arrangement for 
t le i leteriiiiiiaiioii of I he voltage nmeli more cumljersome than that for the current, which, within 
file liimts oi the present stiidy^ Was foum! to be proportionai 1o the galvanometer deflection* Hence 
lioth lom tim prmdiial^ aiitl from the tlmoretica! points of view, the enrreiii chamcierLstic is to be 
cfac'odeif d tin mm*e reliable fTiteritm and.- therefore- that has beeii ilscmI in the pr(*scnt investigation, ' 

(fj Pwpnriiteinhhf f/J th( phoiovfulrie (unl ihe nmi of if him i nut iue. The next point to 

jc decided \\as wladhc!* the pliotoehadric current produced was proportional to the «area of illumina- 
tioii when the intensity cd the source of light was kept constant. This wns done in two ways, firstly 
b) leduciiig the length of the slit by pasting strips' of black pa.pcr at the two ends and secondly by 
Intel [H)r.ing acros-i the slit^ varying muiibers of brass lods of average diamettu* 0*089 cm. In the 
luriiier case the slit remains a continuous one while in the latter it heciornes discontiimous. The 
re, soils (ibfamcil are grapliically represented in Fig. 3. Tiie 45° line denotes absolute proportionality 
arid it Will ,>e noticed that in tJie (‘ase «>lA:he continiioiis slit the curve departs very little from this 
iina except when f,he an'a of tlie slit is as small as about 50 per cent of the wdioie slit. In the case 
of the discontinuous slit also the departure from proportionality is small wdien the decrease in the 
aiea is sniai! but it iHS'ouics pronoimced when the decrea.'W in area is large. The theoretical basis 
mr this departure with reduced ilhuaination in both cases is prolaibly du(‘ to the corresponding 
mereasc of photo-eeli resistance. "Whether the/ greater divergence observed in tlie case of the dis- 
CDutiiiuoiis sht IS real or is due to experinienta! errors requires to be determined. If it is real, whether 
it IS doc to dillraetioB cmises is considered in the* next section. But this fioint is not rfiaterial for 
oiir pres<mt jnirpuse for within the limits of thev. present studies, namely, up to about 80 per cent of 
the area of Ihe hilt slit, the photoelectric current. is, for ail' practical purposes, iiioportional to the 
area oi jllummatifiiu ' ■' ■ 


** CoHTmil^U$SuT 
}ife: ■ DlSCOWiNUOMS SilT 



Aff4 OP SLiT PIBCtftT 

Fia. 3. The relation between photobleotric current and slit 
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if) diffrmtion. The grea.ter divergence from the proportionality of the current and the 
area of illumination observed above in the case of the slit superposed with a h\v rods lea-ds one to 
suspect that the departure may be due to diffraction causes* If the diffraction caused by the (<nv 
rods produced such, an amount of variation^ then the large number of fibres should really produce 
considerably greater variation. But when the values of the diameter obtaiiied by the photoelectric 
method were compared with those obtained microscopically it was found that, in all cases, the 
difference was small and within experimental errors* This means that the effect of diffraction is 
not as large avS expected. It should be so from a priori considerations also, for what the diffraction 
does is not to destroy any energy but simply to shift the point of incidence. Moreover in the appa- 
ratus the diffraction effect has been made as small as possible by placing the photoelectric cell very 
near the slit, the distance between the latter and the active surface of the cell being hardly 5 mm. 

ig) Method of procedure. In the preliminary studies for the accurate determination of the 
diameter, single filaments, fibres and wires w^ere mounted individually using a heated mixture of 
sealing wax and paraffin wax. In the wort on cotton fibres the slide mentioned above was used. 
Generally five determinations of Ij and 1^ were made alternately for each test. In the case when 
individual filaments and wires, etc., were mounted four such tests were made on each slide. On the 
other hand, for the cotton samples four separate slides were tested for each sample. In each case 
the diameter of the material was also determined by means of the microscope for purposes of 
comparison. 

Qi) Material. The materials studied covered a wide range from the point of both substance 
and diameter. They were copper wire, silver wire, human hair, wool fibres, natural and artificial 
silk filaments and several samples of cotton fibres. The diameter ranged from 12(jl to In 

the case of the cotton samples, the standard Indian cottons ranging from the coarsest to the finest 
were examined in two sets. While for the second set of ten samples the improved technique of 
mounting was employed it was not used for the first set of 15 samples. 

About 100 mg. of the cotton sample was found sufficient for the test. Cleaning and separation 
of the fibres before mercerising and dyeing considerably aided the preparation of the sliver after- . 
wards. The front delivery roller (No. 33) of the draw box of the Balls sorter was made of half its 
usual diameter to facilitate the preparation of the small sliver. 

Kbsults 

(a) Fibres, filaments^ etc. The mean values of the diameter along with the standard errors for 
the fibres, filaments, etc., are given in Table I. 

Table I 


Diameter {in fx) of fibres, filaments^ wires, etc. 


No. 

Substance 

Photoelectric * 

P 

Microscopical ** 

M 

Dilferenoe’ 

P—M 

1 

Natural silk 

12-4±0-13 

12-2±0-24 

■f0*2i0'27 

2 

Wool fibre 

24-0±0-56 

23-3±0-3a 

' +0-7±0*67 

3 

Art silk 

.24-4±0'69 

24*3±0-90 

-fO-l±L22 

4 

Ditto 

26-4±0'll 

264i047 

0-0±048 

6 

Silver wire 

47-2±0'53 

47‘3i:0*21 

—04 ±0-57 

6 

Human hair 

74-3±0-87 

76-7i0-63 

— 14±i07 

■ ’ 

1 Copper wire . . . . . , ' . 

124-6±1*36 

116-7i:0-73 

+7-9±l-53 


* Mean of four tests on one slide 

Mean of all tLe material mounted on the slide ^ 
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ll will lip iK>tir(*d that t.lie diametpr of 41^3 ruateTiok nuFi«‘^ from 12fi io Il7p aii4 in all rtiK-s 
loi* flj<‘ rop|H‘} wiro tlio dill<*ro!if*«» thf \h1io* liy tha idintu) If-rt rir iiH'tliod 

jiiici tiia S!sirro<«Mi|firi{! !it<*tIiod in !P)iv*Hi^!iili«‘urO indiratiiio a a^n’opiofoii litOwt-ioi i1j*‘ Iho stOs 
tif vsiliif‘s. Ilia ly Itigliar value ol^iaiuail hy lla* |diHioa|ariri{- loatlMid for {lit* ru|*|>ar wire 

ih pi'ohahl)' f!ii«* lo i1n‘ fart that the wires were raO perlrrtly .sfraiylil. Iliesliglit would ii!rr{»aN(* 

the Iriigtji of ilir wire liy a suiall aiiioinif but for purjioHes of ealrulafciou the lertgili is taken as 5 fiiii). 
(Oily. Idle roiise(|iie!it error is refieeted iu the higher value of the diaiBeler oioained* 

0) mmjffes. The valuen of the fibre diameter obtained for the first Ifi eotlons are 

reeorded in I’uble II and the analysis of varianee of i lie data is givtm in Table JIL 


!)i(}Ni('hr (o/ ?i) oj (‘Ottoif jflires Ihj /hr photiH'Irc/rSv n/n/ nnmfs€tfj)h'<r nfithofh! : FiJ/rcr Si(!'rfhh"d I'rdian 

(Jidior>S ■ of JihjddJfF fl'tol IfJriO d^ . . 


^ Vfnn/f 20'J^ Xotjpfft (JU.Vf-:U!) 
; Mol/ii^ari . . . 

fhfO’i BhuI 
I { v>. 2 ( 

! Shut As n. . . \ 

Sum/ 1027 A.L.F. / . 

J . ■ . 

Km'nngatiiil 0.7 
Nunchjal 14 . . . 

: Cjm ■, . 'W' 

I Vfii'um 47U {Akoht) . . 

I P.A. 280 F . 

00.2(10:1^36} 

Wagad 8 . . . 

Vmnn 262^ Nagpur {1036-37) 


*** i\fenn of four slidon 



1 Bicrc>Mi<ojkT*l ** 

1 ■ ■■ 

IdOViY-ncF? 

F 

j J/ 


, ,■ . 15*5-:j;;0*4:4 

iri-.‘!±0.2d 

-fO'2+0-49 

»■■ ■ ■ ■ ■ 1,8 '5 0-57 ■ . 


—0.34-0.05 

{5lT-u-;n 

i 5-6 J~0*27 

— 0‘5-fc043 

. }ri».S,;<M9 

15*5:b0-26 

+O.3±0-55 

. . i IT!) M-Hl 

18.64- 0-27 

—0-7-40-33 

■ / ■ . j ,17- 14-. 0.1,7 ■ 

17*l-bO*-i8 

0‘0-)-0-33 

. ' 15‘7-rO.lH 

15.6i0.:|0 

-f~0.|-b0*96 

. j iri.o-.'-o.Hr) 

15-7:,-0*24 

— 0-1 ±0-88 

. U4j4rn 

14-l-b0.2l 

-1-0-3-40.40 

. . ■ ,■ l5-5::b0-5l 

15-{ii0-25 

—0-1-40.57 

■: 15-8:P0.8O 

irr8i0*23 

0'0±0*S3 

. . i:;.i);.o*ts 

i:F444|.i9 

~f 0-5±0-52, , 


i4-4~hf>24 

+0-9-b0-58 

' ■ . . .. l8-8-i;0-28 ■ 

i8.3~bO.42 

+0'5i0*50' . ' 

; ■ :i5-4i0-:i8 

15-3i0-22 

+0'1±044:' 

d ■ ' 16-01 

' "T- ■ ■ 

15-93 

-f0-08:b0-41,,. 


*A[fan of n bout loO fibres 


TAB1.H rri 

Amhjsis of mrinHCi’ of tlir photoeh ofric value!) for the 7-5 cottons 


Variance due to 


De}i:r‘ei‘S of 
fn.'eiiuni 


Sum of squares Mean square 


Between slides 
Witliin siitles 


oOl 411)49 


977*7884 


1-0G9 

(0-7 per cent) 
0-5195 

(3-2 per cent) 


It will he iiotictHl (Table FI) that the Fibre diameter varies from 144[x to 18-8[x among the 15 
cottons. In all case.s the diFIerenee between tlie photoelectric value and the microscopical value 
is not significant. The mean difference for all the 15 cottons taken together is ±0-08, ±0-41 wliich 
i.s also non-significant. This means that, as with filaments and wires, in the case of the cotton fibro.s 
also the value of the diameter obtained by the photoelectric method agrees closely with that obtained 
microscopically. 
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Next if tlie aiiijlyws cf variance is considered it mdll be seen (Table III) that the variance, between 
cottons is Ri^t,nnfi(*ant and also large, as is to be eNpcc tech with the wide range of euttoiis stadied. The 
variance between slides is also significant showing that the difference l^etween slide and slide is definite 
Iv more than the ctfot of the experiment with one slide. The former is made up ofthi't^e factors, 
(I I the pliotoejectric error of the determination, (2) tiie error due to the variation of the fliue diameter 
within a sample of cotton and (3) the error caused by the overlapping of the fibres. Of the three, 
tin* second is incident in the sample and cannot, therefore, be o%^ercome. The first one is due to tlie 
nu-thod of measurement employed. In the present work this error is 3*2 per cent for a single set of 
observations or T43 per cent for the mean of five such observations. It may possibly be redtieed 
further liy using more precise arrangement for maintaining constant current in tlie lamp. Even 
as it is, it is of the same order as that obtained by the microscopical method when about 150 fibres 
are examined. Therefore, this factor too cannot be considered large. Coming to the third factor 
it should lie pointed out that in the present 15 samples of cotton, the fibres were sefiarated and paral- 
ielis(‘d by nuwely pulling them through the moving pair of pads of the slide. The improved techni(|ue 
of mounting by means of which the overlapping and short fibres were eliminated was not usihI in 
this ease. It was used for another set of ten cottons, the results for wdiich are given in Talde IV, 
the analysis of variance being shown in Table V. 

II ■ . ■ ■ ■ Table IV ■ 

I Diameler {in g) o/ cation fibres by the •pholocleclric mul mcroscopicnl methods : Ten standard Indian 
, ■ cottons of the ] 943-44 season 

Fiiotoeiectricai * 

P 

15-2i0'30 
17-3 ±0-36 

14-1 ±0-22 
17-8±0-30 

15’2±0-35 
144i:0‘32 

14*8±0-36 . 

13*1 ±0*30 

, 14*4 ±0-31 
17*6 ±0-27' 

15^39 

Mean of four slides Mean of about 150 fibres 

Table V 

Analysis of variarux of the pJiotoeleriric. values for thi ten cottons 

: Fana''nee\,'tiue ■ to 


Cottons 

Between slides . .... 

Within slides 

Total ' 




Degrees of 
freedom 

8um of squares 

9 

476-3364 

30 

12-1780 

160 

^ 57-0280 

199 

646-1424 


Alean square S. D. 


52-9263 - 

0-4059 0-637 (4-1 per cent) 

0-3602 0*600 (3-9 per cent) 


Microscoj>ical ** 

Difference 

M 

P— if 

15- 4i;0-25 

16- 9±0-31 

-~O-25±0-39 

+0-4±0-48 

14*4±0-31 

18*1±0*32 

— 0-3±0-38 
— 0-3±0-44 

15-0±0*28 

13-7±0-20 

+0-2d::0-45 

-f0-7±0-38 

14-0±0*29 

i3-0±0-20 

+0-8±0-46 
+0-1 ±0-41 

13-8±0-23 

17*3±0-28 

an 

±0-6±0-39 

±0-3±0-39 

15-16 

±0-23±0-41 
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If, will be iioticcMl (Tabic IV) that in the cane of tlicne ten saiiiph's of -ibo the. dilicreiice 

fietween the valuer of t!ie diameter obtained i^y the f>liotoeleef ric and iiHer«Het»|aVai met hori i i 4 not sie- 
nifieaiit. Tin mean diflerence for the. ten eottfins taken to^tther i > d o-2;i h: li ij, this is ala) 
lion-signilicant as was foiincl previously (Table III).. On the other luunL the vlirianee between 
slhlcs is not significant unlike what was hnnnl before, wliidi means tfiat the* ifiipioved imdliod ol 
inomiting by eliminating the ovtahipphig or by'-imkicm^^ to a iiiiniunmi has considerably 
lessened this error. The standard deviation betwecai slides is 1*1 per cent whhdi gives a critical difle- 
rence (PiO-Ob) of about 1*8, P2, 1*0, 0*9 and 0*8 for the mean of 1, ± tk I and 3 slides resped iveh 
Hence if two slides are tested for one sample of cotton a critical diHerence of [‘L^ h to Ih! expected 
which aiuouiit of accuracy is sufficient for practical ; purposes. If, liowe\*Lnc greater accuracy is 
needed more slides have to be tested. 

It will be observed tha,t the pliotoeiecfcrio error in the case of the*se ten cottons is 3*9 per cent 
wliich is of the same order as was found in the j)revious case^ for the 13 cottons. 

. Discussion ■■ 

From the foregoing it is clear that the method of finding the diajnetcr describerl above gives accin 
rate results, the values obtained agreeing closely with those got by the niicros<4o picul method. Be- 
sides the errors involved are also small enough for practical purposes. Furthermore this method 
has additional advantages over the microscopical method, namely, that coiishlerably greater number 
of fibres are examined and that tiie av'erage diameter over a long region of the fibres is obtained by 
this method. The time factor, however, has not been considered so l:ar and it may be done now. 
T1 i( 3 time taken for the photoelectric readings is hardly ten minutes for one slide. If the ^ piio- 
tronic ’ cell is good, the current for repeated exposures remains absoiiifcoly (3oustant. In such a 
case it is not necessary to insert the slide containing the fibre, s and remove it alternately to get the 
readings of Ij and Ig, The five readings of I 2 can be taken one after the other anfl half the readings 
of Ij can be taken before and the other half after taking the Ig readings. This will reduce the time 
still further. The time for mounting tiie fibres is about ten niiiiutes per >siide. By mounting 
two slides one after the other and testing the two also one after the other, time could be saved. The 
time involved in taking the sani[>le and in the preparation of the sliver is comui^>n to all the methods 
of study. The extra time necessary in tlie present work is that rec|ulred for the mercerisation ami 
dyeing of the sample. As this is a routine process it can be handed over to a skilled attender, if a 
large number of samples are to be examined. It follows, therefore, that apart from the time taken 
for otlier preliminary work, tiie actual time for the measurernent is about 40 minutes (which can be 
reduced by practice) for one sample of two slides. This is small enough to enable the testing of a 
large number of samples. It should be mentioned, however, that the observer should be intelligent 
and should make the adjustments with great precision. 

It can be concluded that the method developed in the present study is accurate, has a small 
experimental error and is quick enough for routine testing of a large numl')er of sam|'fles. 

Before closing it should be mentioned that it is easily possible to impi“i>ve the accuracy of the 
instrument by having a differential arrangement with two pfiiotoelectric cells instead of one. By 
this means the difference in current, Ii~-*J 2 , is measured and by using a more sensitive galvanometer 
the deflection may be made large enough to l)e free from errors of measurement. It will involve some 
small alterations in the apparatus wffiich can be easily made. 

'SUMMAEY . 

The fineness of the cotton fibre, as expressed by its diameter is an important character, 
especially in the case of the long staple cottons. A new method has been developed for determining 
quickly and accurately the mean diameter of a large number of fibres, which is applicable not only 
to cotton fibres but to other textile fibres, filaments, fine wires, etc. 

In this method a uniform beam of light passing through an accurately made rectangular slit 
falls on a photoelectric cell producing a current Ij. A parallel l.)umlle of opaque fibres, filaments, 
etc., with as little overlapping as possible, is interposed in the path of the beam perpendicular to the 

w2 
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leiigtli of the ;sUi* The |iliotodectric current is rcfliiee<rto [.2 depcuiding iip«)n the number 
tke avennge diameter, <1^ of the fibres* If the intensity of the light source remains the sr 
if I is tlie kmgih (d the slit, it can be easily shown that 


nmnber, m can be countefl under a low- power microscope ami the diameter e,n,n be (:al(.ui!ate,d. 
apparains, designed at the Technological Laboratory, consists of a hollow tube with an 
amp, hs.l with a constant current, at one end. The light is rendered uniform by means of a. 
,M’, and after passing througii a water-cell for al)Sorbing tlie heat rays, enuMges thi*ough th<‘ 
falls on a photoelectric cell of the Weston Wiotronic type. The current generated, is measur- 
galvanouH.uer. The slit corjtains an armngenient to ho]<l a slide for mounting tln.^ nmtiuial. 
1 slide lias been made by means of which fibres can be mounted quickly with, very little over- 
Transparent or semi-transparent fibres are rendered opaque by dyeing them with a suit- 
ek dye, which does not affect their diameter. 

ig the apparatus the average diameter of many textile fibres and other materials covering 
‘ange of values from 12g to liTg have been measured. Their diameters were also ileter- 
ueroscupieally for purposes of comparison. In all cases tlie values obtained by the plioto- 
method were not significa.nt]y difierent from those microscopically obtained. The method 
to give accurate results with a small experimental error and is cjuick enough for ruutim*. 
of a large number of samjiles. 


A(’KNowi;iodoemknts 

Some preJiininary work in connection with this study was done by lattj Mr. G. Rama Rao, 
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: .Appendix 

The .fibre diameter, (?„ obtainctl from th(.‘, values of the proelectric current is given by eijuation (d) 


If F| and Fo are the respective plioioidectric voltages, without and with the fibres respectively 
and if is the value of the diaBietcr obtaiiu.xl IVofn them, 

then 


If Ri and are the respective rcsistan(*es of the photoelectric cell, Fj=fi and, F* 
Therefore 


By dividing both the numerator and the denominator by 


A NEW METHOD FOR DETERMINATION OF DIAMETEr! 
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Land Clab'sijication for Land-Use IHannimf hv (h V. Jacks 
(P ublished by the Imperial Bureau of Soil Scieiico, Harfienden, Eiigiand, PJ t>. Price is, Oti) 
j AND classification is of vital importance for land- tuse planning. The hind and water resources of 
L-ja country constitute the national heritage of the people living in it. An inventmy has to hoanade 
of them hy refjiiisite Ksurveys, tliey have to be preserved against loss and damage and utilized to the 
[.>e>st advantage consistent with such conservation and handeil down to piaster it y in an unimpaired, 
if not, improved state. The oiijective of a land -use plan must be clearly visualized and the rival 
demands on these resources have to be properly balanced, taking into consideration the trends of 
development of tlieir use and local, regional and national neeils. ' Laud classitlcation must form 
the starting point of land-use planning. ’ In the ultimate analysis the impruveinent of s<al fertility 
and its maintenance at the optimum level miist be, the inain foimdatiun of plans of land use at least 
in so far as the production of plants of eoonomiG importance is concerned. With our population of 
4:00 millions and annual increase at the rate of five millions and with the yieiti per aero of almost all 
our crops one of the lowest of that achieved in most countries, this <|uest .on of eonservafion of land 
and of soil fertility obviously a s>siiines national Importance. There are various types of land classi- 
fi(‘ation in vogue, some of them based ^ on considerations of economic fact<'u‘s. transport facilities 
and many others ‘ It is however usual to distinguish between physical, und the economic and 
social classification of land. ’ ' The physical or * inherent ’ characteristics include the geology, 

climate and topography and are permanent in the sense that they cannot be profoundly altered by 
man. Geo]og;y, climate and topography are combined in the factor soil, which, tliough to some extent 
modifiai>le hy man or other living organisms, is the main factor in a physical classification. A phy- 
sical land classification is permanent, and once made can serve as the basis on which to superimpose 
an economic and social classification which will need to be modified with changes in economic and 
social conditions (e.g. market conditions and communications) as well as with the changes in the 
objective of the plan that may occur as the plan unfolds, ’ The economic standpoint is of course 
most relevant and ' important as it is essential to recognize that in planning optimal land use and 
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its success clepeiicls on economic soundness’. ; ■ But the factors to be taken into account in econoinic 
and social classification will vary both as to their nature and the weight to he attaclied to <>acli with 
the social objective of the plank ' In:some instances, ■markets,. iii'.othervS coininunications, in others 
tradition and custom, in others political questions, may constitute the dominant factor, and tlierc.^ 
will always be many variable and fluctuating subsidiary factors^ t Among the essential economic 
data are included uses of land, kind of ownership, land values, transportation facilities and markets 
for present and potential products ; and among social data, distribution and kind of population, 
both rural and urban, and economic status (standard of living) of rural classes/ kSuch things as 
the passing of the ].)hysical frontier, the change of a country from debtor to creditor status, the loss 
of foreign markets, the approach to a stable population and the conflicts that arise in the national 
economy of a country between capital and labour ’ also require consideration. But kby its very 
nature social-economic land classification must be labile and indefinite k Land-use varies from time 
to time and is governed by a multiplicity of considerations. ‘ Classifications based on usc-capabilities 
in order that it has to be of Iong-te]|n validity ’ should also allow for probable developments in techiii- 
que and science. 

The approach that the U. ,S. A. Department of Agriculture, especially through its Soil Conser- 
vation surveys, has made towards the formulation and eflectuation of land-use jdans, is ‘ the best 
known and most successful k It is based on a sample physical classification and ' social and eco- 
nomic factors do not enter into the land classification, but they do enter into the. eflectuation of the 
plan, and may necessitate modifications in the ‘ ideal ’ plan based on strict adherence to the pliysica! 
land classification. The plans are made and carried out by the occupiers of the land themselves wlio 
can call upon outside experts to give advice and direction if required k ' The ])riinc objective of 
every soil conservation district plan is the same to save the soil from exhaustion and erosion/ 

* In July 1946, 3,404,000 farms covering 734 million acres were included in the 1,328 soil-conser- 
vation districts which had been set up.’ There are many other examples of land-use planning, e.g. 
that in use in Kussia by some Russian collective farms (Kolkhozes). ' These plans are coordinated 

into a national plan by the central planning authority (Gosplan).’ ‘ The kolkhoz is required to 

produce certain amounts of certain crops and is expected to adopt certain rotations and farming prac- 
tices which have been shown to conserve soil fertility in the region concerned.’ ‘ Under sucli cir- 
cumstances a physicial land classification to suit the pre-conceived plan which may be modified within 
limits to fit the land classes can readily be made. Social-economic factors enter to a variable but ’ 
usually only to a minor extent. ’ There are other cases ' where the olqective is less clear or less 
clearly related to definite uses of land, the land classification tends to be correspondingly 
vague k and ' an objective such as the common welfare, the public good, the improvement of the 
standard of living, or merely the optimal uses of land forms an insufficient basis for a land classi- 
fication k ' There is no such thing as a general land classification, but there is a common physical 
classification appropriate as a basis for land-use. plans aiming to promote and perpetuate the public 
welfare and therefore requiring the maintenance of soil fertility. Superimposed on this basis is 
another social-economic classification which is, in effect, part classification and part planning. It 
is often difficult to know where the process of land classification ends, and that of land planning 
begins.’ 

The extracts given above will convey an idea of recent trends in land classification for agricultural 
purposes. A very comprehensive account is given on the different aspects of land classification and 
the factors wffiich govern it and of its objectives. The subject-matter has been discussed under the 
following heads : 

Land classification and land-use planning 

Types of land classification 

The physical classification of land 

Land inventories 

The U. S. Soil Survey 

Land types and soil types 
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Land types and genetic soil/ types 

La I h1-“U.s(‘ classes 

Agi'scMilnirol 'R(‘gions 

T!ie estiiina t ion of popiilatioii capacity 

Fopiilaticni ainl land r|uality 

TluMJse ()f natiu^al vegetation as an indicator of land c|iia)ity 
ilant indieatoi\s of forest-site quality 
Grassland indicators 
Systeni of land classification : 

'1„, Micliigan' 

2. U. S. Soil Conservation Service 

3/ T«;nmessee Valley Aiitliority / * ' 

: 4-. . New York, State 

' 5. 'Western Canada : 

■ Saskatchewan 
.Alberta 
fi. Ontario 

7. New Zealand 

8. Great Brita.in 

9. Prussia 

10. Land classification for irrigation purposes 

The Estiniation of Productivity : 

Productivity ratings 
The Storie index 
Canadian rating systems : 

Saskatchewan 

Alberta 

Ranking Coefficients 

German soil ratings — Bodenbonitierung 

This publication is most welcome and especially opportime at this moment. The information 
on land classification is scattered in publications in different languages and Mr Jacks has clone a 
great service to all interested in the subject by collating them together and elucidating them with his 
comments. The approach has, however, been mainly factual 


PLANT QUARANTINE NOTIFICATIONS 

Notice No. 1 of 1946. Notifications of Foreign Plant; Quarantine Restrictions received in tin; 
Bureau of Plant Protection and Quarantines, Department of Agriculture, Government of India, 
New Delhi, during the period January to June 1946. 

The following Plant Quarantine Notification.? have been received in the Bureau. Those inter- 
ested a le advised to apply for details to the Plant Protection Adviser to the Government of India. 

1. Gyp. 5 y moth and Brown-tail moth Quarantine: Do- Eestrietions to prevent spread of these moths in the 
mestic Quarantine Notice No. 45, dated 10th Goto- United States, 

her, 1945: U.S. A. Deptt. of Agriculture B.E.P.Q. 

No. 72, 
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i}muinim‘: Domersllc Q.imranthio JtetiuDoiis 

4 dnu.i thf 2iith Nov. HHo : T. S. I^ruitfly {Ajia.hr faJvn.s, 
,r Ai/nrnilorv lA K. 1*. Q. No. (iJ. D-’.vaH. 

Bfotli- (^Jarantino: Domowiir Qua* 

a. V.. T*» .hilfNl the Iiith i>m^liiber Beetle //s .spp.) in 


lieferriiijij to iiiiK‘ndatio?ts o{ rcj^olationK gov'(*rjiinjj tlje 
importalion of see(l-|>otat<)e,‘-; iolo Cuba, 


plant-Quaraiiiiue Import Kcstriciions oi the KepiiU- 
Ik- of ('uba:P>. K. V. Q. No, 509 ^--vSupi)lemem. 
No. 2, dated Hth February lO-JC) : issued by D. b. 
Department, of Agrieuiturc. 

Pl.iUt-QuaraTitiiie Import Restrietioiis of the Re- 
nubbe of Ihdivia : .B. B .P. Q* No. 484 (Eevised), 
dafetl 8th February, 194b; issued by the U. ..e 
Department of Agriculture. 

Piant-Quarantine Import KcHtrictions o( Jamaica, 
ikitish West Indies; B. K. P. Q. No. Mi, dated 
the 2ist March, 1 946 (superseding B. P. Q..— 3m)-— 
Revised) : issued hy the D. B. Department of Agn- 


Contains a digest ot the 
restrictions of tiui K<ipublic 
mation of importers. 


A Revision of the piant-cpiarautine import restrictions 
of the Kingdom of Fgypt. 


:;tions of the Repub- Refers to certain amei 
o. 411— Supplement the import of (*orn 
: issued by the U. S. States on account 
( Pyraaia n ni> i Uai .) . 

of the Ministry of Ad plants and vegudal 
unicated by Consul be accompanied by 
ed 3rd June, 1940. various pests and 
the letter. 




ORIGINAL ARTICLES 


riTiJT^S ROOTSTOfl^ TIMALS IN 

!1!. THE IXEEl EXCl.; oF UIFFEl.’EXT IfOOlVn M K.S ON TifK VIOOFR AND (■R(»Pi’IX(} 

OF.UAHSH <EKOLES.'i(;HAI*EFI{['n’ 

liv Su \Ai Si.vi.ii.* is. Sr, fAiiKr.i, I’h.1). ( Hni' rui.|. A-'^i^iatif, Fiiiit .Rlvi.MT to the 

Ooveriiiiifiit of iiidiii Jim! H. i.. Naopa!.. B.Sc. (.Aori.), Rfseairh Aiiriciilture Depart- 

ment, Fimj.'ili 

( Heeeived fbr publication 011 20 Mareli 1947 1 
(Wl'tli four test-figures) 

C APT VIX IL Aillehell I ol ii), Imll aii Mifoiira Fruit FariiL ^Innt/guiiiery. wa.o prifhably tha* 
first tf> plant ill lOifo .i, fo\v of tirapefrHit iii iii,-. lirehurfl in the Punjab. A few year,', latefj 
tlie Fniit jSfjof'ialist . Pijipab (Sirdar Baii.Hl!n lail Sintibi. laade se\T»ml siica-es.-fiil atteiiipt^ in ini- 
pHiiiiip; nursery trees uf iiiipnilant \aHetjM, of this spoeie^ frum the L'.S.A. for trials in the Punjab. 
As a result of these iiupo-rraf ious and trial-., Mar’ll! SeedlDs^ varietr iptiiied sulilrient prouiiuenee 
and popularity ivitli eitriH urower^ iu the early ihirriesaaid the fleuiaud foi budded trees of this variet.y 
iiiertutsed t.reiiiendoiisly by 

Wherever Grapefruit- trees of this varietr were planted in Uie Puiijab. tin* piialitw of fruit pro- 
dii(*ed was superb. T!ie cu'oppine \uas buth regular and he-avv and tht‘ trees 'aere f mud withstand 
adverse soil eonditious better lhau eceu the Alaha orange trees. These were some of the potent 
faetors tluit fU'oinpied iiielusiou off hi- -peeie, in the rootstock trials reported by Lul Singh and Sham 
Singh [1942 j. 

hi western countries, particularly the T.S.A., the orapefruit is consumed as a breakfast fruit 
without an efjua!. It is an exeelhmt a(>petizer and a stoma,eld<'. Its use is also finding favour with 
the petiple in India wiiere, of late, it luis ihe.ett preseribetl by physieians against lualaria and as a blood 
purithne Tin* fruit idpims in the Punjab in tlie beginning of December and ean be Indd on the trees 
till the tmd of March or civmi later if neoil be. h would, liowevm*. la* better if the pickings are over 
by the rid<idh* of 3lareh so that rhe risk of shielding of Houors and fruit of the next crop is obviated. 

It would be recalieil that the results repornsd in the |)re\'iou.s two artirdes in this series by Lai 
Singh and Sham Singli ] 191-2 a.nd 191 1 j perrtdned to the p-*riod when the trees were puredy in their 
vegetative pliaso and. as such, the rootstock influ(*ncf* in I'ase of various scion-stock coinhinationa 
was reported in respect of 'tree vigour' oidy. Siiicc thetn data in nxspcet at both ‘tree vigour' and 
“ eropping ' in ease of all the four scions for a further period (d’ four years iiavt* been eollected and 
i'ompiled. I’he present conununieatifjn disds vitli such data in (uis«* of tin* Marsh St*ei I less grape- 
fruit scion only. Sindiar infornuitirm regarding the nuuaining tliree .stuons u ill be* reported in due 
course as. due to vuriou,- reasons, it uas found imfuvicticabh* to inebuie it in this article. 

With tlie eomimmcemenr of fruit bearing, the rootstock influence is manib^st in two different 
directions, rn:.. increase In tree sizi* on the um* hami and fruit yi(dd on the other. A*-eording to the 
programme lairl down, data o,n iKith of the,se aspects has f>een and will continue to be eollected year 
by year to .stiuly the relutioc.ship between these two aspeds in ease of different sedon-stoek combina- 
tions under trial. The underlying aim is ta determine the suilab^itv of a paitieidar rootstock fur 
a particular scion such that the imu'eased pvoductinu of fruit is consistent with tree vigour and lunge- 
\'it y of trees in each cas(e FI'D data reported here cov(*r the peu'iod of first four years of frui, bearing 
in case of the Marsh Seedless grapefruit trees from 1940-41 to 194‘b44. 

MaTEUIAL and LAVOl’T 

For details regarding the preparation of matmdal and layout the reader is referred to a previoirs 
‘cummmdeation in this seritw by Lai Singh and Sham Singh Ii9i2|. Tiie va.rious scion-stuck coni- 
iiinations here under studv are glw>n in Table I. 


Fonneriy Assistant Horticidiiirist, Punjab, Lyallpur. 
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Table] 

seimi'dock combinatiom under irial 


scion was budded on rootstocks propagated by the rooting oi stem cuttings, liie two gTOups oi 
experimental material, thus prepared, where planted separately into two fields and treated as two 
independent and self-contained experiments. The results of both the trials are embodied in the 
present eomrnimii'ation with a view to study the performance of the Marsh Seedless grapefruit trees 
growing on rootstocks propagated both from seeds and cuttings. 

Data collected 

The girth measurements of all the trees under investigation were taken at a fixed point above 
the union year by year [Lai Singh and Sham Singh, 1942]. The yield of trees was recorded by count- 
ing the number of fruits on each tree when they were still green and unripe so as to avoid the vitiation 
of results through such possibilities as pilferage and damage by birds, etc. The number of fruits 
was again counted at the time of picking and compared with yields recorded previously. This double 
check was found to be very helpful in having a correct idea of fruit yield in each case. 

DiSCUJSSION OF RESULTS 

The year to year data in respect of vigour (indicated by stem-girth measurements) and cropping 
(indicated liy number of fruits borne per tree) of the Marsh Seedless trees as influenced by different 
rootstock in botli the field trials are compiled separately in Tables IT and III. 

Table II 

Tree size and cropping of the Marsh Seedless trees'^ growing on eerta/in rooUtochs propagated p seeds 


Eootstocka 


iiwu 


law 


Planted iti January, IDJ' 


Hetlun! of 
Fieli! raiduig 

No. the 

roots toc'k 

I 

iXuine of seioii*sto< 

i 

:-k eombination 

No. of 
trees 
under 
studr 

Engiisli equivalents of 
root-stocks 

Specific -names 

4 Seed 

r 

1 .Marsh Seedless < 
Khatta” 

on ‘‘ Khania , 

24 

uil 

C, Kama Raf.. 


Marsh Seedless 
KhattH’ 

on 

24 

..Rough lenioii 

C. Ivmonia Os beck 

S > » 9 

Marsh Seedless on 

“Mitha” 

24 

Sweet lime . 

C. (iunnififolia\’cii\B\Ym~ 
bde 


Marsh Seedless on 

‘‘ Mokari * ' 

24 

Citron . 

C'. Linn. 

!» r. 

Marsh Seedless on 

“Chakotra” . 

24 

j Shaddock 

C. Maicima Merril ' 

y Cutting 

Marsh Seedless 
Khatta 

on “ Khama 

18 




Mar.sh Seedless 
Khatti ” 

on Jatti 

18 

, . . . 

* *.'• * ■' 


Marsh Seedless on 

“ Mitha ” 

18 




Marsh Seedless on 

Mokari ” 

18 




Oruwiiifj: 

Kharna Khatta 

Uoiijs»h ItMUojt 

Shaddodv 

Bweet lime 

Oitrcm 

s.E. cvn. 

season j 

fiirtii yield 

)2irth yield 

girth yield 

girth yield 

1 girtii yield 

girth yield girth yield 



rmtrs ROOTSlIJirK^ TKIAl.s IK' 


T^bre 111 

Jm' «/cf of Marnk Seedless ' trees* growi'e§ on cerkiin remtstftfk^ prepiffpifed froiit 

€'iiii/ings 


Yi‘ar (il 
t inJi 


* Biaiited ia Jaiiuarj’ 10S7 

Comparison of data in Tables If and III 

The data in taides 11 and Ifl show Uiat no en,?p was tab*n from the trees for the first four years 
( Iff; 7" 11)40). This gave the trees in both the held experinu'uts sufheient time to build up nieelianirally 
strong framework. The first crop, picked in 194 L was a light one in each ease but more so in case 
of trees growing on rootstocks propagated from seed. This point is significant in so far as it reveals 
the precocious nature of trees on rootstocks raised frorn cuttings which uis<j <leveioped better size 
during tlm pjeriod of vegetative phase than those on rootstocks raised from seed. To form an idea 
of ,coni,parat-ive tree size and cropping of trees on both sets of rootstocks, the data in Tables II aiid-^- 
III are amalgamated in Table IV. 

■ Table IV 

The cowiparaMve tree' size and cropping of (he M.arsh Seedless ti^ees growing on certain roolslocks raised 

both front seeds and cuttings 


The data for girth and yield fur all the four years show that the initial advantage in tree size 
and cropping in favour of trees on rootstocks raised from cuttings persists for the entire period and 
holds good for all the rootstocks under trial except in one solitary case in 1944 when trees on Kharna 
Ivhatta rootstocks raised from seed gave a liigher yield. In other words, so far as tree size is concerned, 
the Varsii Seedless trees on rootstocks rai.sed from seeds have not been ubh* to catch up with the 
corresponding trees on rootstocks raised from cuttings. The same generally liolds good in respect 
of cropping us wtdl, except in one solitary instance out of sixteen comparisons when trees on seedling 
rootstocks outyielded those on " cutting rootstocks These results show that size difference 
caused in the pre-orchard months may continue to persist much longer than is commonly known 
and believed. The same appears to hold good in respect of cropping as well These points in favour 
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“jt.-uson 

girtli 

yifld 

girth 

y.I(4d 

girt.h 

yidd 

girili 


.1,939 

21-2 


20-3 


KrS 



.I5'r> 


1940 

29 '5 

44 

30-1 


20-4 ! 


i i 

■ 2^. j 

1041 

3tr6 

1 00 

;i0-i 

4-S 

\ 

2es 1 

I 20 ^ 

23-1 j 

26 ? 
t 

1942 

4L7 

265 

. 46-2 

201 

1 

04 :■ 

... 1 

74 j 

194S 

46-2 

296 

52-1 1 

271 

20*5f 1 

1 

S 

6^- 1 
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1941 

1942 

19 

43 

1944, 

Rootstock under 

Metliod of raising 









tria,l 

tile rootstock 

girth 

yield 

girth 

yield 

girth 

yield 

girth 

vieid 



in cm. 

in cm. 

in cm. 

ill em. 


Klmrna Khatta 

Seeds . , 

27*7 

2o 

35-2 

58. 


219 

■44-4 

363 

do. , 

Cuttings 

29*5 

44 

3(rd 

i»5 

.41*7 

265 

46-2 

296 

Rough lemon . 

Seeds . . . 

27-2 

9 

, 35-3 

. 42 

4V8 

141 

46“ o 

263 

do. . 

(,'utting> 

^ 30*1 

27 

! 39- i 

48 ! 

4,6-3 

201 

52-1 

271 

Sweet lime 

Seeds . . . , 

: 19-7 

! 22 

; 23-e 

30 ' 

26*0 

43 i 

; 27*9 

78 

do. , 

Cutting^’ . . ■ 

20-4 

ii 

i 24*8 

39 ; 

27-5 

94 j 

30-9 

88 

Citron ■ 

Seeds , 

■■ 15*4 

1 14 

i 18*8 

14 

20*9 

29 

; 22*5 

, 49 : 

do. 

Cuttings 

'18*S 

r 2s 

1 

23-1 

26 

25-8 

74 ■ 1 

1 2i-5 

' 63 
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of rootstocks riiised from cuttings appear to liave a special siguifieaiice so fa,r as the performance of 
trees in early years at least is coiicerriecL It- woiildy however, he iuterestiiig to kiiow whether and, 
if so, how long the trees on root stocks raised from cuttings would coiititiue to remain in advantageous 
position lioth with regard to tree .size and cropping. To throw further light on this' aspect, the data 
in Tables II and III a,re plotted and are shown in Figs. 1 to 4. In ..Figs. 1 and 2, the size of trees from 
year to year, as iiid.icated by triink girth, is -plotted and in Figs. 3 and 4, the yearly cropping in case 
of tlie.se very tree.s has been shown. ■ 

■ AVE.THUHfcCtftTH 



The tree size. In Fig. i are plotted the data for tree size in respect of rootstocks raised from 
seed wdiile in Fig. 2, similar data for rootstocks raised from cuttings have been shown. The rootstocks 
under study in both the experiments are identical except that in fig. 1 an additional rootstock, namely 
shaddock, is also included. 

The data h)r tree size from 1937 to 1940, shown also in Figs. 1 and 2, have been fully discussed in 
a previous communication in this series by Lai Singh and Sham Singh [1942]. Briefly it may be 
stated that by the year 1940, considerable divergence or spread has been shown by the curves for 
rootstocks raised from seed (Fig. 1) so much so that the trees on five different rootstocks under study 
were classed by these authors in four different categories with respect to tree size. The divergence 
in growth curves in case of trees on rootstocks raised from cuttings (Fig. 2) is also well marked by 
1940, and the four rootstocks here under study w^ere found by Lai Singh and Sham Singh [1942] to 
fall in two groups only '' Kharna Khatta ’^and rough lemon being in one group and sweet lime and 
citron being in the other. 

The year 1941 was the first year of crop harvest in both the field experiments as shown by the 
arro-w lines in Fig, 1 and 2. The curves in both the figures show^ a fiatteoing tendency after 1941 
indicating a fall in growth rate due to fruit production but the trees on rough lemon have been less 
affected than others. In view of this comparatively less decreased rate of growth in case of trees 
on rough lemon in both the field experiments, the tree size on this rootstock has comparatively improved 
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Fig. 2, Tree sizccon ‘‘ Cutting Eootstoek.’*' 

the end of 1944. the performance for tree size in ease of rootstocks raised from seed {Figure 1) has not 
significant! j changed from that reported earlier by Lai. Singh and Sham Sing,h [1942]. but that the 
trees on rough lemon iwtstooks have all alo,ng'd:>een improving in size as compared to those on 
“ Kharna Khatta The performance for tree size in respect of rootstocks raised from ciitti.iig6 has 
(Fig. 2), howcvei*. considerably changed since 1940. By 1941. the two liwarling rootstocks have 
fallen in two distinct groups and this positi<jn has remained unaltered since them. The other two 
rootstocks associated with vigour of scion trees reversed position in 1941 and by 194*2 the trees on 
rough lemon have been significantly more vigorous than those on Kharna Khatta This order 
of vigour has since been maintained by these two rootstocks. 

The crop production 

As has been previously stated, the fruit was harvested for the first time in 1941 in cense of both 
the field experiments. T!ie data for crop production in respect of rootstocks raised from seed a.re 
plotted in Fig. 3 while in Fig. 4, similar data for rootstocks raisexl from cuttings have been shown. 

The crops had been rather sparse for the first two years of bearing- this being so in both the 
field experiments. But. as previously mentioned, the cropping was comparatively more in case of 
trees on rootstocks raised from cuttings. By 1943, the production increased considerably in l>oth the 
experiments as is shown by a sharp rise of curves in both Figs. 3 and 4. This rate of production in 
case of rootstocks raised from seed (Fig. 3) has not only been maintained during 1944 but as the 
(uirves show there has also i>een a temlency for the trees on all the rootstocks to produce at a still 
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tilt* prod yi‘f ion,-! in PJ4'I in rase'of suent loin* and citron liad bcoii actual!} Ics.- ilaitf liiinii:* tLc 

previous year, TIterelunv the iiicreasrd prcfiliictioii in c^ase of I’notstooks raj"seii fioiu ciittiicis |1*thje 
!\ ) appears it* be of tniiisitory nature*, lait this passii]" plia.-s^* iiiar eoiit-jrjiie b.>r' soiae yeajrt-^ more iii 
view i»f tlie fact that size diflVreta'e.s in of t ree- on root-'-toek's rai'eaf fomi ('iiffiiej-'. iitav pno'o 

to be a deteriiiifiiiio faetor for erop size at least for a fe\^' veairs inore. 


IB} The yiMfhf (fniwih iiivretheel. re ghlk tp- re/oZ/r^e /o Irmf y/e/d 

The data in Tables IJ and ill reveal tliat tlie |a;nd'brniance of various seioii-stock (‘cn:iibtii 
ill respet't. oi’ viyaiur aiul rropping identical in botlj the field experiiieeiifs except tJiat the trees oxi 
rootstoeJes raised from eiittin^trs have shown a depressed rate of crop prcidiietiun since 11143. Tliere-- 
fort*, in tile intto'e-^t of brevity, deta-iled diseiissioji regarding data fta* trees on rootstocks ivrised frofii 
seeds almn* is made, as in this tarse five rootstocks are under trial as against luiir in the otiier 'C*y 
In the pre-bea!‘in_g age. the (*iitire metabolic activity of a tree is exeliisively devoted to the pro- 
dtietion of vegidutive growlJn With the eornmeiieemeiit of fruit bearinir. Innvever, a part the* 
prudiK'ts of mcd-abolism are use<i in putting on new growth wlnu‘eas tfie remainder are devoted to 
the production of fruit. In otlier words, the giov^th capacity of a tree may be reckoneil y,s the sum 
total of the increa.se refieettsi in trunk-girth and production of fruit. Because of the <‘ompetitiun 
in the y»se of synthesized food for vegetative gioutli and fruit producti^.m. it is of utmost necessity 
that both these aspects .shouit! be studied together in order that the rootstock influence in a given 
scion-stuck eomiunation be rightly assessed. It would I e then and tfien alone tiiat a correet appraisal 
of the com|.>arative cflirmmcy of various scion-stock combimitions could be made. In view of this 
consideration tlie mean yearls" increments in trunk girth, along witfi tfie a.verage fruit production 
tor those years are compiled in Table V, . . 

Table V 


The mmn incremefd in irwik-gwfh and average yield of the M.arr;h Seedless trees on rootstocks raised^' 

f rom seeds 


Year 


1940 

1941 
I94B 

1943 

1944 


of observation 

Kharna Khatta 

1 

Rough lemon 

Shaddock 

, 

Sweet lime 

Citron 

girth 
ill (?m. 

yiefd 

girth 
in cm. 

yield 

- - 

girth 
in cm. 

yield 

girth 
in cm. 

.yield , 

girth 
in cm.' 

yield 


8-34 


8-12 


7-33 


6'64 


3*9 



9-0 

25 

8-9 

9 

8-5 

11. 

5'0 

99 

■ 3*0 ' 

i4 


7%5 

58 

8-1 

42 

7'5 

46 

3'9 

ii 

3*4 

!4 

, . ♦ 

; ' 5*8 

119 

; 6'5- 

141 

; 6-0 

119 

■ 2-4 

: 43 

2*1 ■ 

29 


3-4 

363 

4-7 

263 

; 4«0 ■ I 

239 

1-9 

■ 78 

1 1*6 ■ 

49 


For the four-year period from 1937, when the trees were planted in the orchard, to 19'10, 
so long as these trees remained in purely vegetable phase, there was a regular increase in the amount 
of growth put on by the trees year by year except for 1938. This, being the year immediately follow- 
ing the transplanting of trees in tfie ondiard, was associated with (considerable set back in growth 
in (*ase of ail the rootstocks [Lai Singh and Sham Singh 1942]. Even in 1941 — the first year of fruit 
bearing-- there had been a tendency in ease of rootstocks associated with vigorous growing trees 
Kharna Khatta Hough lemon and Shaddock) to register slightly increased rate of growth as 
compared with dwarfing rootstocks (Sweet lime and Citron). This slight increase in the rate of 
growth over the previous year in ease of rootstocks associated with vigorous growdng trees probably 
accounts for their tendem*y to commence bearing later than those in the dwarfing group. From 
1942 onwards, fruit produ(*tion is much on the iimrease year by year for each scion-stock combina- 
tion except in case of citron during 1942 w'^hereas there had been a (torresponding set back in growth 
in each case except in case of citron during the same year (1942). These observations lead us to the 
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irresistible conclusion tliat increase in fruit production is invariably accompanied by decrease in 
amount of growth made. Such an antoganism in growth and fruitfulness lias been previously recorded 
in case of mango by Lai Singh and Khan, A.A. [1939]. Hatton [1935] reached a similar conclusion 
when he said that the fall in the increment of cross-section year by year is accentuated with increased 
cropping. To illustrate this relationship more vividly in the present case, the mean yearly increase 
in girth and yield in all cases have been expressed in percentages, keeping growth and yield of trees 
on Kharna Khatta ’’ for 1941 as the basis. The percentage figures so calculated are compiled in 
Table VI 


Table VI 


The relative performance of the Marsh Seedless trees on rootstocks raised from, seed 


Year of observation 

Kharna Khatta 

Rough lemon 

Shaddock 

1 

Sweet lime 

Citron 

girth 

yield^ 

girth 

yield 

girth 

yield 

girth 

yield 

girth 

yield 

1941 .... 

100 

100 

99 

36 

94 

44 

56 

88 

33 

64 

1942 .... 

83 

232 

90 

168 

83 

184 

: 43 

144 

38 

56 

1943 . 

64 

876 

72 

564 

67 

476 

27 ' 

172 

23 

116 

1944 . . 

38 

1452 

52 

1052 

44 

■956 

: '21 

I 312 

18 

196 


The data in Table VI show that with Kharna Khatta ” as the rootstocks, the yearly growth 
increment of the Marsh Seedless trees has gone clown by 62 per cent in four years as compared to the 
increase in fruit yield by 1452 per cent. In case of Rough lemon rootstock, the mean growth incre- 
ment fell down by 47 per cent only and the production increased by 1052 per cent ; in case of Siiaddock 
the amount of growth fell down by 50 per cent with a corresponding increase in production by 956 
per cent ; in case of Sweet lime the annual mean growth decreased by 35 per cent with an increase 
in cropping by 312 per cent and in case of Citron the fall in growth increment amounted to 15 per cent 
only with a corresponding increase in fruitfulness to the extent of 196 per cent. It may perhaps 
be appropriate to further reduce these figures on a common level to facilitate comparison with a 
view to study the efficiency of various rootstocks under trial. Thus for every 1 per cent decrease 
in growth increment of grapefruit trees on / ^ Kharna Khatta ”, Rough lemon, Shaddock, Sweet lime 
and Citron, the corresponding increase in fruit production is 23 per cent, 22 percent, 19 per cent, 
9 per cent and 13 per cent respectively. This again shows the superiority of rootstocks associatcul 
with vigorous growing trees over those in the dwarfing group. The efficiency of various rootstocbs 
under trial in respect of growth and cropping, therefoi^e, may be put in the descending order as : 
“ Kharna Khatta ”, Rough lemon, Shaddock, Citron and Svreet lime. Yet, the last mentioned root- 
stock has been and still continues to be the popular rootstock with some nursery-men and quite a 
lot of prospective growers, for reasons previously mentioned by Lai Singh and Sham Singh [19421, 
ask for nursery trees budded on Sweet lime. 

(0) The Statistical treatment of data given in Table F 

(i) Correlation between grow increment and cropping 

To study the relationship between increment in girth and the number of fruits borne iu case oi‘ 
ilifferent scion-stock combinations in any one season, the values of correlation coefficients were worked 
out after eliminating differences due to blocks. 

The figures thus obtained are set out in Table VII. 
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Table VII 


OorrelaMon eoeffi^iemt between growth tncremeni and f ruit production in a particukir year pertaining ' t 0 

varmis rootstocks under ,,, 



■■ Kame of rootstock ^ 

No. of 
pairs 

examined 

Degrees 
of freedom 

Correlation 

coefficient 

Expected 
value of 
correlation'', 
coefficient 
for 

“ Kharna Khatta” 
Rough lemon 
Shaddock .. . 

Sweet lime . 

Citron . ' . 

• V,. / / ..... 

24 

14 

—0*04 

—0*188 

—0*308 

+0*254 

+0*137 

0*497 „ 


The above figures display a complete lack of correlation between the growth made and fruit 
produced in a particular year. In other words, irrespective of the rootstocks under trial, the growth 
and cropping appear to be quite independent of each other. On the contrary, the data in fable V 
clearly show that in case of all the scion-stock combinations under trial, the increase in cropping is 
associated with a corresponding decrease in amount of growth made. Therefore, the values of 
correlation coefficient between both the aspects of production were worked out as obtaining between 
the entire period of four years and in case of all the scion-stock combinations with results as given 
in Table VIIL „ 

Table YIII 


Correlation coejicient betiveen growth increment and fruit yield in case of the Marsh Seedless trees for the 

fouT^year period from 1940-41 to 1943-44, 


Rootstock 

No of 
pairs 
examined 

Degrees 
of freedom 

Correlation 

coefficient 

Expected 
value of 
correlation 
coefficient 
for P = ,05^ 

** Kharna Khatta ” . . . . . . 

Rough lemon , • , ... . 

24 

17 

—0*965 

—0*952 

0*456 

Shaddock , ... 

Sweet lime . , . ■ , , ' ' , ' . . . . ' . 

Citron ' . . , ' . ■ , , . . . 



—0*961 

—0*770 

—0*510 


The negative correlations establish the view that increase in fruit production is accompanied 
by decrease in growth rate. This holds good for all the rootstocks under trial. The correlations, 
are very high and almost perfect in case of Kharna Khatta”, Rough lemon and Shaddock. In case- 
of the remaining two rootstocks, m., Sweet lime and Citron the correlations between growth incre- 
ment and yield are not very high but are significant just the same. 

It may be recalled (Table II) that the Marsh Seedless trees on '' Kharna Khatta ” are no longer 
associated with greatest vigour as was the case when they were in the vegetative phase, but in 
respect of cropping they are definitely far superior to those on the remaining rootstocks. Thus 
trees on Rough lemon now lead the rest in respect of tree size. Since with the commencement of 
bearing, the growth increment has fallen in case of each rootstock treatment, the question arises as 
to how an unit decrease in growth would be ultimately reflected in increased cropping. This 
point is best brought out by calculating the regression co-efficients for various scion-stock combina- 
tions under trial. The figures obtained are set out in Table IX. 
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Table IX 


Regression coefficient in growth increment and yield of the Marsh Seedless trees for the jgeriod 1940-41 

to 1943-44 


Rootstock 


' Regression 
coefficient 


“ Kliariia- Kliatta ‘ 
BiOiigb lemon 
Shaddock . ■ ■ . 

Sweet, liiiie 
Citron 


The figures in Table IX show that the performance of the Marsh Seedless trees on '' Kharna 
Khatta rootstock remained outstanding for the first four years of fruit production. The trees on 
this rootstock are associated with maximum production for an unit decrease in growth rate. The 
next ill order of merit are the trees on Rough lemon rootstock followed by those on Shaddock. The 
trees on Sweet lime and Citron have not only hopelessly fallen behind in tree size (Table II) but the 
Crops produced in both cases have also been poor and uneconomic. Obviously this state of affairs 
has not merely been due to the smaller size of grapefruit trees on these two rootstocks but, as the 
regression coef&cient values show, the trees on both these rootstocks are characterised by a low 
productive potential set up within them. In view of these considerations the unsuitability of sweet 
lime and citron as rootstocks for the Marsh Seedless grapefruit scion has been established vrithin 
a short period of eight years after planting. 


Summary 


1. The influence of certain rootstocks, propagated both from seeds and cuttings, on tree vigour 
and cropping of the Marsh Seedless grapefruit trees has been studied for a period of four years. 

... 2. So far as tree size is concerned, the Marsh Seedless trees on rootstocks raised from seed have 
not been able to catch up with the corresponding trees on rootstocks raised from cuttings. The 
same generally holds good in respect of cropping as well except in one solitary instance out of sixteen 
comparisons when trees on seedling rootstocks ’’ outyielded those on '' cutting rootstocks The 
increased production in case of trees on cutting rootstocks however, appears to be of a transitary 
nature in view of their decreased rate of fruit production since 1943. 

3. It has been shown that for every 1 per cent decrease in growth increment of grapefruit trees 

on ‘‘Kharna Khatta’ ^ Rough lenion, Shaddock, Sweet lime and Citron, the corresponding increase in 
fruit production is 23 per cent, 22 per cent, 19 per cent, 9 per cent and 13 per cent, respectively. This 
shows the superiority of rootstocks associated with vigorous growing trees over those in the dwarfing 
group. , . , : ' ^ ; - " , , . . , ■ ' ^ ’■ . . ■ 

4. A very high negative correlation existed between growth increment and cropping in case of 
^ach scion-stock combination under trial. Therefore, for every increase in fruit production, there 
was a uniform tendency in each case to decreased rate of vegetative growth reflected in ever decreasing 
progress in tree-size. 

5. The trees on “ Kharna Khatta ” rootstock are associated with consistently higher fruit pro- 
duction for the entire period of four years as compared with the remaining rootstocks under trial. 
The results are very highly significant. What is equally important and. significant is that this re- 
markable behaviour of increased fruit production of trees, with “ Kharna Khatta ” as the rootstock, 
has. been attained at the expense of comparatively least decrease in growth rate as shown by the 
regression coefficients worked out for each scion-stock coihbination under trial. 

6. In view of both tree vigour and cropping, “ Kharna Khatta ’’ gave outstandingly the best 
result as compared' to the remaining rootstocks under trial, rough lemon and shaddock coiding 
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; 7 . Tlie trees^oii Sweet lime and Citron have not only hopelessly fallen behind in tree size but the 
•crops produced in both cases lia've also been significantly poor. The iiiisuitability of both these 
rootstocks for the Marsh Seedless scion lias, therefore, been established within a short . period of 
. eight years of the life of these trees. 
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BTUDIEB IN HIBISCUS ESCULINTUS (La..lys‘ rmger) 
L CHROMOSOME AND POLLINATION STUDIES 


B>- S\\ AI!N SfNCH PuREWAL, M.So. (Caiae.), Ph.D. (Corneia/). Vefit'tablc S|iccia!isi., Puiijmli Agri- 
(lulf tiviil I'ollege and Research Institute, Lyallpur. and 0 >iri»ii’ SiM;ii Raniaiawa. M.S<'. (A(!1U.), 
R<“s(>afch Assistant, Vegetable Section, Lyallpur 

'■ (Eecei ved for publication on 8 August; 1945) 

(With two Plates) 

{jCJORDINCI to Sturtevant [Hedrick, 1919]'ladys’ finger, gumbo or okra lias its origin in tropical 
Vfri(*a. It was known to the vSpanisli Moors and was used by the Egyptians in t!ie Ii^tli or 1‘h‘ii 
(amtnry. Sc 1 1 weinfii rth [1874] found the plajit giwing peidectly vv on thc^ \\1iite Nile. Aroord- 
ing to Flam (>f IFniuh Inrfwi ladys’ finger was also probably oiaginally wild in India as well. I)<i 
boiidolle [1904] however says, This opinion seems erroneous, as is no mention aiMuit it in the 
old Sanskrit literature’. 

Ladys’ finger or okra is a warm season crop and is grown extensi\a‘]y throughoiit India, in 
the ihinjal) it is one of the most important suomier vegetable ci'ops and (a > vers about 1/10 of the 
ar<‘a amuially put under summer vegetables. According to Purcnval [1944] in the Pioijal) phiins 
two sowings, one early and the other late, are made in a year. For early {'ro]i the seed is sown. trouA 
middle of February to middle of April and for the second or lute cro|.> in dul}'. in the Punjab hills 
the liest time to sow okra seed is about the middle of May. Ukra serai geriiiiiiates best at about 
85'IF. and does not germinate at soil temperature below 68'^F., therefore, for early sowings, wlieii 
th(‘ soil temperature is low, seed is sown thickly at the rate of L() to 24 Ib. per acre. When the soil 
is waimi seed should be sown at the rate of 8 to 10 lb. per acre. Okra is senvn on ridges 21 to 3 ft*, 
apart de]jending on the variety, the dwarf sorts being spaced closei*. Tlie seed is sown thickly about 
1- ill. rleep on top of the ridge in hills, one foot apart, and -when the plants are wedl established they 
are thinned to one plant in each hill. 

From the dietetic point of vie^w leafy vegetables such as spinach, lettuce, cabbage are the most 
important but according to Purewal [1944] okra pods in the immature edible stage are also a rich 
source of vitamins A and B and mineral elements like calcium, jihosphorus andiron. Jt is an ex-* 
(*(41ent source of iodine so iisefril for the control of goiter. The fresh fruit analysis yields about 80 
per cent water, 4 per cent protein, 0*4 per cent fat, 12 per cent Nitrogen Free Extract, 1*4 per cent 
fibre and 1*5 per cent ash. 

The okra crop has got a wide usage. In the Punjab the ohra Iriiit is mainly used as a cooked 
vegetable ; t)ie mature pod and stem containing fibre are utilized in the paper industry : the plant, 
as a whole is soaked in water and the resulting solution is used as clarifier in the manufacture of gurJt ; 
and stem and leaves are also used in compost making. 

In America okra is used in soups and various culinary preparations in which meats form an 
imjiortant part. "Woodroof [3927] states that it is frequently employed for feeding dairy cattle, 
sin(*e there is always an accumulation of unmarketable green pods. He (airried out an experiment 
on feeding okra pods to two Guernsey cows, resulting in an increased yield of milk. 

In Africa the use of okra fruit as a vegetable is scarcely known, hut it is cultivated rather exten- 
sively to ])rovide a substitute drink for coffee. The seeds of the ripened fruit are dried and roasted 
brown in a covered (day pot to prevent the ])opping or bursting of the kernels. Then the. roasted 
kernels are ground to a fine powder. The odour of the powdin* is strongly suggestive of coffee. The 
dj'ink is pre}>ared like coffee except that the amount of powder used is usually douliled. 

Halvoi'son and Naiman [I92G] analysed the oil from okra seed and found tliat mature s(3e<ls 
possess good feeding value in that they consist of 25 per cent pi’otein a,nd 20 pm‘ c(uit oil. Tliis plant 
being a prolific and vigorous grower in the cotton l)(dt ha.>s possibilities of economic impi.utance due 
to its high oil content and to the feeding value for animals of the high protein meal after the oil is 
extracted. The composition of okra seed .is comparable to cotton seed. 
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Okra i.s said to possess considerable medicinal properties. Melegod [1924] thus writes, 'Okra 
is a w<dl known vegetable cultivated throughout the island (West Indies) but its excellent properties 
a.s a nutritious vegetable possessing considerable medicinal properties has been little realized. The 
fruits ill their unripe state are much esteemed as a vegetable and are prepared in various ways. These 
abound in mild miieil age possessing valuable emollient and demoliicent properties and is used in 
case of catarrhal affection, fevers, irritable state of bladder, etc. In hoarseness and dry irritable state 
of the throat causing troublesome cough, a soup prepared by boiling down a few unripe 
(<}kra pods) in about a pint and half of water and taken after straining and sweetening to taste has 
j>]*o\'e(l henehcial in the ease of writer. Sometimes a free inhalation of the vapour of this hot bav- 
souj) has been knowui to act wonderfully on dry troublesome cough and hoarseness. In cas(^ 
wdiere there is difBeiilty in passing urine, the bandakka soup has acted very beneficially. The leaves 
of plant are used externally as an. emollient poultice’. 

i u ac{‘c)r< lance with the importance of the crop in the tropical countries of the w^orld, little, resea n*h 
work on tlie classification, culture and breeding of the crop has so far been done. .In the U. S. A. 
Woodr(jol' [1927 k Beattie [1918] and Jones and Rosa [1927] have studied the general characteristics 
of tile plant and its cultural requirements. Owen [1910] has coiiducted some studies on the dcvc* 
lo|).ment of the fruit in the okra plant. Miller [1937] has submitted a preliminary report on okra, 
breeding in Lousiana. In India practically no improvement work has so far been done on this crop. 
Therefore the studies reported below were made as a preliminary to starting intensive* geneticar and 
breeding wmrk. 

^Chromosome STUDIES 

Krenke [1929] reported the haploid chromosome number in okra to be 59,60 or 61. It was, 
therefore, deemed desirable to ascertain the exact number of chromosomes in this plant. 

Three days after protrusion of seedlings at 8 a.m. the root tips were fixed for 24 hours in Nava- 
shins fluid to wbicii maltose was added. The air was exhausted by means of an exhaust pump ; 
aftei* fixation the mat<^rial was washed in tepid water for three hours. The material was embedded 
by the usual paraffin method. The sections were cut lOp thick and stained in Iodine Gentian violet, 
a>s suggested by De La Cour [1931], 

The fixation and staining was found to be satisfactory by this method but when the slides were 
k(?pt in iodine-iodide for two minutes, the chromosomes in this particular case were found to be 
destained. The keeping of the slides in iodine-iodide for 30 seconds, however, obviated this defect 
and gave satisfactory results. 

The chromosome counts of all the four varieties i.e. B.l, B.12, B.15, B.19 were made and the 
numijer (2/? ) was ibund to be 120 in each case. The diagrams of the chromosomes of two varieties 
were drawn with the help of camera lucida at the bench level with x 4300 magnification. The figures 
drawn (Plate III, figs. I and 2} indicate that though there is no difterence in the number of chromo- 
somes i>ut there are well marked morphological differences in the chromosomes of these varieties. 

Pollination STUDiE!^ 

Ladies' finger (Hibiscus esculenius) belongs to the natural order Malvaceae. The members of 
this natural order belong to the group of plants regarded as often cross-pollinated. But so far the 
floral mechanism and mode of pollination of this plant has not been completely reported, nor any 
data on the extent of cross and self-pollination are available. Hence these studies together with 
observations on time of opening of flowers, anther dehiscence, pollen germination, receptivity of 
stigma, pollen tulie growth and development of fruit were undertaken. 

Materials and methods 

The okra vaj-iety B.l which is one of the most promising strains was selected for pollination 
Hliulies but for determining the extent of natural crossing, two more varieties, viz. B.14 and B.19 
w(vre also grown side by side with B.l. The latter two varieties exhibit contrasting character differ- 
ences from those of variety B.l in earliness and shape of fruit, and as such the natural hybrids result- 
ing from these varieties could be singled out with ease in the Fi generation. 
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Fig. 2. 

Showing the chromosomes in B. 12 


Fig. 3(b). 
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Showing the germination 
of pollen on stigmatic 
surface 

A — After 5 minutes. 

B — After 15 minutes (The 
tubes have grown su- 
fficiently long) 

C — After 30 minutes 
(Tubes are seen bend- 
ing towards the styler 






From the above data it is seen that all the l)ixds opened into flowers betweeix 8*20 to 8*40 
on a bright simny day. On cloudy and cold days, however, they opened very late. It wji 
seen that flowers remain fully open till noon, withering and coliap.sing towards the sunset. 


8-25 to ,yao 


OBSERVATtONS" AND' EXPERIMENTAL RESULTS 


Sfj‘ucture,of.t]i^ 

The flower of the okra plant arises in the axil of the 6th to 12th leaf and upwards dopeurli ng u [)oii 
the early or late flowering of the variety. The flowers are hernia[>hrodite, lariio and br ight yellow in 
eoliiir. 


Androeeimn. Staminal tube truncate, five toothed at the suniniit, filaments luinierous, anthei-s 
reiiiforni, one celled. 


Oynaecewni. Ovaay multi locular (5-7 celled) each with 6 or more loculieidal ovules. Styles 5, 
connate below, stigma capitate or subspathulate. 


Thne of opening of flo wers 

A flower bud appears in the axil of each leaf above the sixth or eighth leaf depending on the 
variet}^. The crown of the stem at this time bears 3 4 undeveloped flowers but later on during the 
period of profuse flowering of the ])lant there may be as many as ten undeveloped flowers in a singh* 
crown. As the stem elongates, the lower most flower buds open into flowers. Wood roof [1927] 
stated, ' Thei-e may be a period of two, three or more days between the time of development of each 
flower, but never does more than one flower appear on a single stem’. The observatioirs imnle })y 
the authors under field conditions, however are 3iot in accoidanee with those of Woodroof as iii a 
number of cases individual stenls were observed to bear two or even three opeii flowers on the sanxe 
day. This phenomenon is very welJ illustrated in Plate III, fig. 3 (b). 

For determining the proper stage at which the buds open into flowers, 50 buds we)*e selected 
at random and labelled in the evening at 6*30 p.ni. General observtions regarding the colour of 
the buds and their toughness to slight compression with finger tips were recorded. Physical 
measurements of the buds such as diameter and length were also taken. On an examination of the 
selected buds the next morning at 8*30 a.m. it was found that only whitish green, easily compressible 
buds measuring about 2*82 X 1 *55 cm. opened into bright yellow flowers. 

For recording the time of opening of flowers 50 buds which were likely to 0 {)cn the next morning 
were selected on 14-7*-43 at 6*30 p.m. and labellerl. Observations were recorded in tlu^ morning uu 
15-743 as given in Table 1. 


TJw, time of opening of flowers on to-7-4S 


No. of flowers o])sci‘ved 


8'20 to 8*25 


'rime of opening 
8-ao to 


s-aci to s*4n 


, ■ Ofdgw. The exterior calyx has fi'om 8-12 linear, caducous bracteoles. The interior calyx spathi- 
form, circumscissile 5-7 fid, not falling off‘ till after the flower opens. 


Corolla, Petals five, bright yellow with a crimson centre, connate at the base with the stamina 
tribe. 
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For this |Mirposi‘ ten pnle coloured buds likely to open the nex:t morning were closely observed 
during the night. These observations revealed that around mid-night the covering of the calyx 
niptiirefi iVon'i one side and corolla lobes enclosing other floral organs protruded. At oa.in. the 
corolla tube had t'ome out altogether leaving the calyx at the base. The petals distended slowly 
with the rising of the sun and were fully ex_panded at about 8*30 a.m. 

i{f (UfihiV’s 

The starnerrs are indefinite, monadelphoiis with kidney shaped anthers which are dorsilixod to 
the (ilaments. The. dehiscence of the anthers is transverse and starts 15 to 20 ininutes after tin^. 
opening of tin* flower. x\l! the anthers of a single flower do not dehisce at the same dehis- 

iMUicc starts fr(nn tin* topmost downwards, taking in all 5-10 minutes to complete the process. 

The pollen grains are large, spherical and frequently adhering ovving to the presence <> fa miici- 
lagenous substance on the surface bright yellow with thick granular exine provided with numerous 
large, long, cmiical spines (Plate IV, fig. 1). They varied in sbe from 672*82p to 848*48a with differ- 
ent varieties which in turn exhibited marked differences in the size of the flower, leaf slia|)e, leaf 
size, stem height, etc. 

(ieiitiimihn of 

A number of experiments were carried out in connection with the germination of pollen of okrji 
in-mtro. When okra pollen was placed in moist atmosphere at room temperature it gave onl\^ 8-(> 
per cent germination and on 1 per cent agar plus 55 per cent sugar medium 18 per cent. But the 
liighest and most successful germination was obtained when tlie extract of stigmatic and stylai* tissues 
was added to the sugar - agar medium as given below'. 

Medium A- I per cent aga.r plus 55 per cent sucrose 

Medium. B -1 [icr <'e at agar plus 55 per cent sucrose plus extract of stigiiiatie and stylar 
■ tissue 

Table II 


TJiP fj(o‘onN a f io)} of poUem. grains in A and B media al room fempeyrafure 


Tr(^atmf*nfc X’o. 

No. of grains in each 
case 

Percentage germination 

■ Media A 

Media B' 

■ 1 

100 

14 

23 

2 

100 

I / "■ 20' 


, ,, 3 ■ 

100 

. ■■ 17 


A verage ..... 

; 100 ' 


1 ; '..v:; )/y: m ''yiyii 


The figures given in the Table II show a mean increase of 1 1 per cent in the germination of pollen 
as a result of the addition of the extracts from stigmatic and stylar tissue. It was also noted that 
the germination in agar plus sugar medium started earlier and the pollen tubes grew more }‘apidiy 
than in moist conditions. Some of the pollen grains gave out as many as six pollen tulles, one of the 
tubes being longer than the remaining ones. Some branching pollen tubes were also noticed w'hile 
studying the germination of pollen both on stigmatic surface and in artificial media. It may be 
concluded from the above results that every pore of the pollen grain is a potential germ pore. 


ill] 


STiniJlT^B : ^ 


m. 

(rfi'miiaiHoH of pollen on Htigmatk mifaee. 'I'he main object oi‘ tliis sholy wx; to rlelcrruiue the. 
probable, length oi time wiiich the pollen takes to geimiinato on stigmatlc surface. '’.Ftie method of 
staining smears of stigma in aceto-carmine; as suggested by Anderson and Sax ]lb:tlj was triiMl in 
the first instance. ))at was found to be unsatisfactory as theVollen tubes could not 1h‘ easily (liffc!- 
entiated from the pa|n,lliate cells of the stigma. The method suggested by lytmgar | HKlh] was theii 
followed witti successful ' ' . 

Those okra buds which were due to open in tlie morning were emasculare:! tln^ previous ev(ming. 
In the morning they wercChand poiiinated and the fiowens were then coUected alter an interval of 
b, 15. od an<i 45 minutes. The stigmas were placed in I per cent a.(pie<.uis suagenta and after tlua^e 
hours they were tranderred to lactic acid and were left there over-nigiit. On the following day. 
the mat(‘rial was momated on the slide in a drop of fresh lactic acid. A thick (*over gla was piavi* 1 
on it pressing it gently lor the purpose of spreading. The examination of the slide* un hu' the jrcivi'os- 
<‘ope showed pollen tubes emerging out of the pollen grains. The pollen tubes were puite disrijict 
on account ol their purple colour a,s against light red colour or colourlesmess of tin* icst of tine rissut* 
(idate IVh fig. 1). it appealed that, the pollen grains germinated \vithin fi th(*ir de- 

position on the stigma. A further study was made by treating the flowoi's in t!ie above fashion and 
(•ollecting the stigmas 2, 3, 4 and 5 mimites after pollination, which showcrl that pollen grains starte<l 
germination only about five minutes after their deposition on the stigma. 

Pollen tube growth. 4Tiis study was made to determine the time take.i I)y the pollen tube to tra- 
verse the stylar region, in other words, the interval between pollination an { fertilization. For this 
purpose the following exj:)eriment was conducted to determine the rate of the [.>olien tube growth. 

A large niiml)er of flowers was pollinated with hand at alioiit 8-45 a. m. which is the usual time 
of dehiscence, and after the uccessive intervals of each hour, the styles were excised, close to the ovary 
in order to find out whether the pollen tubes (with the generative miclei) had traversed the styhir 
length during any particular interval. The results obtained are given in Tabic I IT. 


Table HI 


The percentage of ft 

'uiU M bg excimig the si 

yfe at different iniervab after pollination 


, 

Time iritei'val after 


. U’reafc:oieiifc ,.N'o. 

No. oi' flowers 

which the style is exeisod 
(hours) 

Ih:M.ceritiige of fruit, .set 

'■ 1 ■ ■' 

100 

... .. . 

, 1 , '' 

nil 

■ ■ ' ■ 2 ' ^ 

100 i 

2 

' 23 

■ ■ ■ 1 

100 

'3 ■ 

52 . , 

■ ' ■ 4 

100 

4 ' : 

72' 

5 ; 

100 

1 .5 

S3 

6 

100 

e 

■96 


From tlie above data it is clear that the most actively growing tubes reached the ovule two 
hours after pollination, while three hours after pollination the percentage of fruit setting increase<i 
to 52 per cent indicating a proportionately greater number of pollen tubes traversing the stylar 
region. At 3 p.m., i.e. six hours after pollinatian the maximum number of tubes must have reached 
the ovules as the excision of the style did not have any effect on setting of the fruit. These results 
show' that the time elapsing between pollination and fertilization in okra is very short. Considering 
8-45 a.m. as the optimum time of pollination, the first few tubes reached the ovule two hours after 
pollination and in less than six hours fertilization was complete in all the flowers. 

Stigrnaiic reeeptwily 

The flow^ers of okra plant remain open for a few hours only. After pollination in the morning, 
the petals begin to sh rival at about noon and late in the afternoon the flow-ers are turned into a with- 
ered, twdsted and. dying mass. By the following morning these flowers wither, fall off or remain 


u 
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.,t Mh‘ (ii. of ti.,‘ .im-loping fruit,. In order to find out the proper stage of .stigmatic receidivity, 
tthirh foil'd cither he I.eforethe opening of flowers or .after the flowers h.ad opened, premature flowers 

were Imd poHinated in the following manner : ■ 

Ihiil-i rhiit were to open 24 hours later were emasculated by removing carefully by pointed^for- 

dm -icpiils. petals and stamens. The stigma at this stage was dull red in colour as against the 
hredit <-(.l()ured stigma of the fully open flowers. xMature, pollen grains of the same variety were 
iheu dieted on the .stigmatic surface. The pollinated flowers were covered with paper hags which 
were removed after two days in order to expose the fruit to sun light and to record the percentage 
of dieddiu" or setting of the fruit as the case may be. The observations recorded showed that no 
Inrp had set. indicating that stigma was not in a, receptive condition at least 20 hours before the 
openiim of I hi' flower. It niay be argued that the failure of the fruits to set might be due to the 
iiiiurv Tneideiital to emasculation especially when the buds were in such a young .stage, i.e. 24 hours 
befoi'.' oiien ng of the flower or it may he said that the pollen might have failed to germinate. Ihe 
('luiiicp of iOO |)<M* (‘ont failure due to injury are altogether precluded as the buds and flOTal parts ^4 
hours before opening of the flower are fairly large to be handled with ease to avoid any inju^ to the 
.stimuu. The lack of setting cannot also be due to the failure of the pollen as the data in Table 111 
elelirl'v show that pollen is viable for at least four hours after dehiscence and probably for a longer 
iiitei vai Thus, the failure in setting the fruit was actually due to unreceptivity of the stigma. 

In the second case the fully open, bright coloured flowers with velvety stigma were pollinated 
with fri'sh pollen. This operation resulted in the normal setting of the fruit, showdiig that the stigma 
was ill a recopfive eonditioii a.s soon as the flow'ers opened fully. 


Pi)Uhialio)i. 

In order to stiidv the mode of pollination the following experiments were carried out 

1. Open pollination. Fifty flowers were tagged for identification and were allowed to pollinate 
iiml develop under natural conditions. The setting of the fruit was cent per cent. 

2. Self Pollination [hij haqgingpf the flmvers). Fifty flowers were covered with paper bags a day 
before oyiening to avoid the eflect of external agencies like wind and insects in the transference of 
pollen. The hags wmre removed the next day after the flowers had shrivelled. The setting of the 
fruit w.as cent per cent,. 

2. pollvnation {by hand under bag). The buds which were expected to open the following 
morning w'ere haggoil in the evening. Next morning out of the bagged buds fifty floivers were labelled 
and pollinated with brush to ensure proper pollination. The bags were then put on again and re- 
moved the next day so th.n t the fruit may develop normally. The setting of the fruit w-asonly98 
per cent. 

In the first two treatments the setting of the fruit was cent per , cent but in the third case the 
setting was 98 per cent, showing that there is no significant difference in the percentage of fruit 
set which means that okra is potentially a self-fertilized crop. 

Although the okra flower is mostly self-pollinated hut the possibility of cross pollination cannot 
be ruled out in view of the fact that okra flowers are frequently visited by insects. Our observa- 
tions showed that honey bees and black ants are the most common visitors. Beattie [1918] stated, 

‘ The common bumble bee is frequent visitor of the flowers of okra, and a single bee one morning 
was observed to pollinate over 500 flowers, comprising more than 60 sa,mples. In this instance prac- 
tically every flower in the field was visited and pollinated although no pollen had previously been 
transferred.' In view of the indefiniteness of the previous writers on the percentage of natural 
crossing.s the authors undertook to determine it under natural conditions, by planting varieties B.l, 
B.14 and B,19 side by side in four replications. These varieties have contrasting characters which, 
could be detected in case of hybrids resulting from them. The seed was collected from open polli- 
nated flower, s and sown during the next season. The number of natural hybrids was counted. 
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■ Table IV- 

The fmlw'til hybrids in differerd varieties mwn adjfmmt to oue anoflo r 


'■ K«>. 

Yarietj 

Total XTo, of plants 

Hybrids 

■■ . ■ '■ 

lialiural cross in ji; 

1 

B.l . . ^ , 

144 

14 

9-7 

9 

B.9 . , ■ . 

130 

'7 

5*4 

B 

B.i4 

144 

10 

' 7*0 

4 

B.l ...... 

120 

5 

4*0 

^ ! 

B.9 ...... 

140 

. ir 

IM: 

(>' ’ 

B.I4 . . . ... . ' 

140 

s 

5*7 

7 ■ 

B.l . 

144 

10 

7*0 

8 i 

B.9 ; 

144 

27 

KS-75 

9 - 

B.14 

132 

15.- 

IM 

10 

B.l . . ' . . . . i 

13r> 

13 

9-4 

1 1 

B.9 . . ' . . . ■ . 1 

144 

.1 2, 

tS*3 

12 

B.14 •■ . . . . . 1 

140 

15 

i0*7 


Toful . 1 

! 

' . ],6e7 

145 

Amraye S*75 


Table IV sliows that natural cross pollination in ditierent plots vari<Ml froiu Do to 1<S*75 |h*l' cent 
with an average of 8‘75 per cent. But there was no significant variation in tht‘ p(*r('enta,g<‘ oi‘ cr<.)ss 
pollination in different varieties when plots under each variety were taken ('ollectively. In x^aileties 
B.l and B.14 the percentage of natural crossing was 7*5 and 8*7 respectively. 


I}evelo]mmvt of Fruit • 

The present investigation was caiTied out for determining the rate of growth at various stHg<‘s 
of development during the growing period and also to ascertain the diurnal eiiect on the develop- 
luent of okra ITiiit. It is natural that rate of development would vary in accordance with the pre- 
v^iiling teniperatures but the growth increment will remain constant. These determinations w<ire 
made during the month of June from 16-6-1943 to 29-6-1943 when the hottest weather prevails at 
Lyallpiir. " 

Forty-five flowers were labelled bearing the date on the day of their opening so that they 
might be easily distinguished from other fruits and in order to keep a record of their age. The pod 
length was measured by a meter rod and the pod girth by means of a pair of callipers twice a day 
at 7-8 a.m. and 6-7 p.m. Similar measurements were also made of the length of the stalks and dia- 
iiieterKS of the receptacles, until the growth of the fruit ceased. 

The measurements recorded showed that the pod obtained its full length 15 days after the opeii- 
iog of the flower. The length of the fruit stalk increased from 1*06 cm. to 2*72 cm,, i.e. 2*5 times 
its original length and the diameter of the receptacle from 1*02 cm. to 2*19 cm., that is, it was nearly 
doubled in thickness. The examination of the. data showed that the pod increased in length at a 
slow but progressive rate for the first five days and then at a very quick pace for the next two dax^s 
iwid afterwards again at a degressive slow rate for the next eight days till the fruit ceased tf> grow 
any more. Thus the fruit increased ftom 0*97 cm. to 15*4 cm. in 15 days. Tlui diameter of the pod 
increased from 0*69 crn. to 2*29 cm., i.e. about thrice its original diameter at the opening of the fiow<u*. 

Dkmial ejfects 07h the development of fndt. Measurements were taken between 7-8 a.m. and 6-7 
p.m. daily comparing the increase in length of the fruit as affected by day and night. The. data 
invariably showed a higher rate of growth at night than during the day. Culpepper and .\Iooii 
[1941] stated that the rate of growth of okra pod was somewhat more than doubled for eiU'ii 
(lO'T^) ]*ise in temperature at probably all stages of development. But in the. present ense it wa.s 
observed thul. though the tempej'ature at night was lower by 3(^'''F. tha?i that of tln^ day Mu' frud. 
bicreased in length more during night than cluring day. The probable reason fhat could be u.ssigned 
io this was that the cells were fully tuigid during night on account of comparatively less Ickss (jf wate,r 
through transpiration. Consequently growth of the fruit was more active during the night Mian 
in the day. 
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Tifur nf The okserva.tiori8 made on the development of fruit further 3'eve4i.Ied that the 

fruit was very siiuill and tender when it was five days old (5*8 ein.). But during the- next two days 
tlif‘ fruit made a remarkable development fll':3 cun.) wdiile the f|uality as regards tenderoess and 
rolnur WHS not miieli alTeeted. The a.bove fact indieates that the fruit in this easj^ should be |)i(*ked 
when it is H-l days old. At that stage of <leve]opment tlje quality of fruit is !\ot impaired wluuvas 
the viefd obtained is nearly donbie than that of the five day old fruits. 


SUMMAEY 

The (iiromos^nne counts made from the root tips of four varieties of ladys’ finger {HihhscJJb' 
rsrNlnfhhs) sliowed that 2 n number was equal to 120 in each of them. 

The flowers of tli(‘ okra plant usually opened at about 8-20 to 8-45 a.m. The polhu] is sited 
jChhO 10 to 15 minutes after the opening of the flowers ami it takes another five to ten minnt(‘s lor 
all the artthers of a singh‘ fhnver to dehisce. 

The pollen grains are bright yellow. large, sfdierieal with thick eomh'al spimvs winhdi are rotmd 
at (Ih^ ha-se and tapering at tite end. The pollen grains nsuaJly a,<l!iere togtd'.her on a,e.('ouni of Mh' 
s<‘<‘relion of an oily substance from the exine. 

The [xdhui grains were siu'cessfully germinated in an artili(*iaJ medium of i per rent tiga.r fdus 
55 per cent sm rose at room temperatunu The germination started 50 minutes a,fter tim |)olhm grains 
w<u‘<' placed on the media. 

The })oii(‘n grains germinated on the stigmatic surface five minut(‘s a.fter their deposition on 
stigmati<* surfa<*e. 

The stigma is rece[)tive as soon as tlie flower op(ms, but, at ](aist 20 liours belVn-e optmiug, the 
stigma was found to be unreeeptive. ® 

T1h‘ p(‘r(‘entage of fruit setting two hours after pollination was 22> while a.fter thre<*. 
houj’s it was 52 ami after six hours it increased to 96 showing thereby that the time lapsing betw-een 
pollina,tion and fertilization in okra is very short. 

Tln‘ incidence of natural crossing in okra was found to vaay fi om 4-0 to 18*75 per cenf;. the average 
being 8*75 per cent. 

The pod completed its growth in 15 days and the best time for picking was determined to Ix^ 6-7 
days a.rt(u* the opening of the flower. 
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T he occurrence of aecidia on Berberis was first recorded in this country by Barclay , [1887]. .,Late.r 
Butler [1905,1] remarked that the Miissoorie and Jaunsar barberries bear an aecidiuni 
entirely different from that found near Simla. He [Butler, 1905, 2] also stated that. ‘ Arou..nd. Simla 
Aecidmm Berberidis undoubtedly occurs on B. lycimn, and probably alscj on B. eoriaria Royltn 
B. aristata D,C., and a species which has been doubtfully referred to B. umbellafa Wall. It 
probably also occurs on jB. to the west of Simla, where alone this species is found L On 

account of extreme rarity of black rust on wheat and bailey in the neighbourhood of infected 
barberries, he concluded that the aecidium, referred to above, tvas not allied to black rust of 
cereals and probably belonged to some other specialized form of the parasite. 

East of Simla, Butler identified another interesting species on B, eoriaria^ B. aristata and B. 
lycium. It was distinguished from the former by the peculiar deformity of tlie affected branches 
and the formation of witcli’s-broom. The aecidiospores of this species failed to infect cereals and 
the urenial host remains unknown. Butler, therefore, named the species as Aecidmm monianum, 
Butler and Hayman [1906], Butler and Bisby [1931], Arthur and Cummins (1933), Sydow and 
Mitter [1935] and Mundkur [1938] also reported the presence of Aecidmm herberidis on different 
species of Berberis but there is no evidence supported by experimental data to connect it with black 
rust of cereals or of any of the grasses. 

Butler [1918] observed that the barberry aecidiospores in Kiimaon could not be got to infect 
wheat and probably belonged to some other race of the parasite. This was supported by Mehta 
[1929, 1931 and 1933] \yho stated that inoculations made on wheat and barley seedlings with aeci- 
diospores from barberries found in the hills gave negative results. Later, he [Mehta, 1940] stated 
that ' typical aecidia of Puccinia have not been found during these studies * and only in 

the case of B. lycium, a specimen collected in May, 1933, was provisionally identified by Butler as 
belonging to P. graminis. The specimen, as stated by Butler, did not quite agree with the European 
material of A. herberidis GmeL, the aecidial stage of P. graminis Pers. Other specimens sent to him 
were identified as belonging to Aecidium montamim. 

The uredo and teleuto hosts of Aecidium montanmn remain undiscovered and nothing was 
known till 1940 of such hosts for the other kind of aecidia that are so commonly found on indigenous 
species of Berberis in the hills of India, one collection of which W'as provisionally identified by Butler 
as belonging to P. graminis, Mehta [1933] reported that no infection took place on wheat and barley 
even as a result of inoculations with aecidiospores from the shorter aecidia occurring on Berberis 
lycium and B. aristata. As far as the writer can see the material referred to by Mehta belonged to 
the aecidial stage dealt with in this article. 

During the course of investigations on cereal rusts, intensive search was made in the hills for 
the uredo-stage of the aecidium under reference and in September, 1940, the writer for the first 
time came across heavily infected plants of Agropyron semicostatum Nees grow ing near diseased 
bushes of B. lycium at Taradevi (altitude 5,000 ft,, six miles west of Simla). This was very sugges- 
tive of a possible connection between the rust on Agropyron and the common aecidium on B. lycium 
recorded by earlier observers. 

Extensive observations made in the Simla hills along with laboratory experiments have established 
this connection, leading to the identification of a new ‘ Specialized form ’ of Puccinia graminis Pers. 
Full details are supplied in this article. 
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It may i.o .stated liere that the occurrence of black rust on Agropyron is a new record for this 
couiitrv. In Mnudaiifl. Kurope and the U. S. A. Agropyron repens has been found to be infected l)y 
P. ,/rmni»is svealis in nature fStakinan and Piemcisel, 1917 ; Mehta, 1923; Teterevnikova, 1927 ; 

right and Kirbv, 1939). According to Stakman and Piemcisel [1917] Agropyron caninmn, A. 
crislalnnt. A. siiril/rii. A. spicatum and A. lenerum are feund infected with P. grmnmis Iriiici in nature 
in th(‘ U. A., and A. elongnhim is easily infected artificially with that rust while A. repens is w^eakly 
infected. Watei'house [1929] observed that P. gramims Iritiei is present on A. scabrum throughout 
the year in Australia. 


Methods op study 


Germination op teleutospobes 


Detailed information regarding teleiitospore collections made from time to time, tlieir storage 
tr atment and gennination is given in Table h 


During the period of study, a large niimber of collections of infected showing the 

uredo and t(*leuto-stages was made in the neighbourhood of Simla as well as from the higher altitudes 
of tlie Siinla hills up to Narkunda (9,200 ft. a.s.L). Teleutospores collected from different places 
wore tester! for germination under varying conditions and after different treatments. 

Inoculations were made with sporidia on all the species of Berberis that are found in the Simla 
hills anri also on (i) Berberis tinctoria Lesch. (from the Nilgiris), (ii) B. imibelhia Wall, (from Darjeeling), 
iii) B, psemhmbellata Parker (from Tangmarg, Kashmir) and (iv) B. imlgaris Linn, raised from seed 
received from England, and the U. S, A., in order to test their susceptibility to the rust of Agropyron, 

Inoculations with aecidiospores produced artificially on Serftens were made on seedlings of three 
indigenous species of Agropyron simultaneously with those of cereals (wheat, barley, rye and oats). 

Repeated tests were carried out with the aecidial material occurring in nature on the various 
species of Berberis near Simla. 


Morphological and physiological studies of the rust on Agropyron were also made including cross 
Illations on some of the wild grasses and the cereals. 


As stated above, the teleuto-material of the rust on Agropyron seniicostatuni was first found 
at Taradevi in September, 1940. There were no uredospores in any sorus at that time. More collec- 
tions of teleutospores were made in December, 1940, .from tlie same place. During that month in- 
fected stems of this grass were also noticed at village Saiiahan in east Simla but, as at Taradevi, 
uredospores could not be found. 

In the following year when Tara vedi was visited on 29 June, 1941, the grass was free from rust 
but pycnia were visible on leaves of Berberis lycium, A month later bushes of B. lyciwn were 
found to bear aecidia and within ten feet of those bushes the grass was infected with the uredo-stage. 
By the end of September the rust on the grass had all passed into the teleuto-stage. 


Again in 1942, there was no infection on plants of Agro 2 )yron on 25 June but. pycnia had 
started appearing on bushes of B. lycium, A month later aecidia had been foi med on B, lycimn 
and the grass had traces of rust. Early in August infection was well-advanced on the gra.ss and 
most of the stems were found heavily rusted* 


In greenhouse cultures teleutospores W'ere formed on infected leaves within two weeks of Tus 
appearance which shows that the uredo-stage is of a very short duration. This was supported bj 
observations. 
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Table I 

Delailed if^ormition regarding the coUeetion of teleutosjmres from Agropyruri 81‘iiuc^ostatiitii N ees fro^i 
(liffereni places from theAr storage, treatnieat and germination 


t ^ 



.Date and place of ■ ' 


Percentage 

:ko. 

collection, its storage, 

Further treatment 

germination 


etc. 

' 


i 

From Taradevi on 15-9-40 




and stored in : 




(i) a room at Simla 

{a} Spores Boated on tap 

30 


water after soaking 
straw overnight 




(ii) in refrigerator at 

(/i) Spores floated on tap 

50 


40-50“ F. 

water after one wetting 
and drying, each for 
one day, ifollowed by 
soaking straw over- 




night 

(c) Straw dried and soak- 

50—100 



ed several times 




(d) Straw dried and soak- 

10 



ed several times 
(e) Straw soaked in water 

5' ■ 



overnight 

( / ) Straw s oaked in water 

None 



overnight 


2 

Ifrom Taradevi on 

{a) Straw soaked in water 

80 


29«5-41 ; formed in 
September- 0 c t o b e r, 

overnight 



1940 and exposed to 
natural conditions 

(b) Soaked in water over- 

90—100 



night 


3 

From Sanahaii on 

{a) Straw soaked in water 

75 


15-12-40, and stored in 

overnight soon after 



a room at Simla 

collection 

(b) Straw soaked and 

75—100 



dried several times 




(c) Straw soaked and 

10 



dried several times 




(d) Straw soaked in w iter 
overnight 

Straw' soaked in water 

None 

4 

From Sanahan on 

90 


15-4" 41. Formed in 
September-0 c t o b e r, 
1940 and exposed to 
natural conditions 

overnight 


5 

The same as above, col- 

Straw soaked in water 

1 ■ 33 


lected on 15-7-40 

overnight 


5 

From Taradevi on 

Straw soaked in w'ater, 

' Traces 


23-7-41 ; just formed 

overnight 


7 

From Taradevi on 

■ ■■■■■- 



9-9-41 ; stored in — 

1 , . 



(i) a room at Simla 

( a) Straw soaked in water 

40 


overnight 



(ii) refrigerator at 40- 

(b) Straw dried and soak- 

50—100 


50° F. 

ed several times alter- 
nately 


S 

From Sanahan on 




30-9-41 ,* stored in — 




(i) a room at Simla 

(a) Straw soaked in water 

33 


overnight 



(ii) refrigerator at 40- 

(b) Straw dried and soak- 

50—100 


50° F. 

ed several times alter- 
nately 



Remarks 


(a) G-erm illation was tested in sliadesooii 
after collection. Spores started germi- 
nating in 48 hours 

{b) Ctermiiiation was tested on 17-M-O in 
shade. Spores started germinating' in 
48 hours 


{€■} Gemiinatioii was tested scweral times 
during October, 1940, and July, 1941. 
Spores started germinating in 48 hours 
and in some cases in 0 hours 

(d) Germination was tested in August, 
1941 

(c) Tested in September, 1941. Germina- 
tion after 72 hours 

if) Germination was tested in October, 
1941 

(a) Germination was tested soon after coL 
leotion 


(/d Germination was tested several times 
in July, 1941, at room temperature 

(«) Germination was tested soon after col- 
lection. Spores germinated in 24 hours 

{b) Germination was tested several times 
during January- July, 1941. Spores ger- 
minated in 6 hours in some cases 

(c) Germination was tested in August, 
■ 1941 

(d) Tested in September, 1941 


Germination was 
tion 


tested soon afiier coHsj- 


Tested soon after coUoctioa. Germination 
in 35 hours 

Tested soon after collection. Geuinination 
in 5 days 


(a) Tested soon after collection. Germina- 
tion in 48 hours 

(h) Tested several times during October, 
1941 to May, 1942 ; Spores germinated in 
5-48 hours 


(а) Tested soon after collection 

(б) Tested several times during October, 
1941 to May, 1942. Spores germinated 
in 5-48 hours 


x >’2 
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Although teleiitospores germinated soon after formation without any special treatment, better 
results were obtained as the material matured either by exposure to weather or by alternate drying 
and wetting to simulate natural conditions, as shown in Table L Soon after their formation in 
July-September. the germination of teleutospores was from trace to 40 per cent rising gradually 
to 60-100 per cent <hiring October-July. In August-Septembcr when the material was nearly 
a year old, its viability gradually diminished to nil. Even storage at 40°"50'^F. inside a frigidaire 
did not prolong the life of teleutospores beyond a year or so. 

Freshly formed teleutospores required a longer period of soaking in water than the mature ones 
for germination to commence. Minimum time taken by the latter was found to be six hours. 


(i) Cardinal temperatures for the germination of teleutospores 

From information available in literature it appears that teleutospores of Puccinia graminis do 
not germinate and produce sporidia above 25°C. Melhiis, Durrell and Kirby [1920] stated that 
sporidia formation may occur only between 5^ and 25'^C. but seems most profuse at 20'^C., while 
Lambert [1929] observed that the teleutospores germinated well at 12° — 18°C. but most consistently 
at the latter temperature. Verwoerd [1931] found that temperatures above 22°C. were unsuited 
for the germination of teleutospores of black rust and infection of barberries in South Africa. 
According to Cotter [1932] teliospores of P. graminis rarely if ever germinate and produce and 
liberate sporidia at temperatures higher than 26° C. and a range of 12° to 21°C. gave the most 
favourable results. As recorded by Mehta [1940] all tests made in this country with teleutospores 
of P. graminis tritici between 50° and 65°F. gave the best germination. 


j kite ami jjlace of 

Fiirtiier treatment 

Percentage 

collection, its storage, ' 


germinatio.n 

etc. 





From Theog (alt. 7,500 

iStraw soaked in water 

50 

ft.) on 4 October, 1941 

overnight 

60 

1 From Mattiaim (alt. 7,900 

Straw soaked in .water 

ft.) on 5-10-1941 

overnight 

60 

From Narkunda (a, it. 

Straw soaked in water 

9,200 ft.) on 6-10-41 

overnight 


From Arki (alt. 3,000 ft.) 

Soaked in water 

* 75 

01115-12-41 

overnight 

60 

From daku (Simla) on 

(a) Straw s oake d i.ii wate r 

22-3-42. 

' overnight 



(h) .Straw soaked, dried 
and soaked in water 
for 34 hours, 24 hours 
and 3 .hours, respeot- 
ively , . 

100 

From Taradovi- on 

Straw.’ soaked in' water 

80 

15-4-42. Formed in the 

overnight , 



previous jear and ex- 
pos efl to natural con- 
ditions 

From Sanalian on 

20-4-42. Formed in the 
previous year and ex- 
posed to natural condi- 
tions 

From Theog on 29-5-42 
on previous year’s 
straw 

From Mattiana on 

3()-6'42 on previous 
year’s straw ' 

From Narkunda on 

1-6-42. from previous 
year’s straw 


Straw soaked in water 
overnight 


Straw soaked in water 
for 3 hours 


Eiemarks 


Tested soon after collection. Spores germi- 
nated in 48 hours 

Tested soon after collection. Spores gernai- 
na'ed in 48 hours 

Tested soon after collection. Spores germi- 
nated in 48 hours 

Tested soon after collection. Spores germi- 
nated in 24 hours 

(a) Germination was tested soon after col» 
lection. Spores germinated in 48 hours 

(h) Tested soon after collection. Spores 
germinated in 8 hours 


Tested soon after collection. , Spores germi- 
nated in 24 hours 


Germination was tested soon after collec- 
tion. Spores germinated in 24 hours 


79 Tested soon after edlleotion. Spores germi- 
nated in 8-10 hours 


BISCOYBEY. OB ■ UBEBO-SmOB 


141 


In order to determine the range of temperature that is congenial for the gemiination of teleiito,- 
spores of the rust under study, as well as to see in which season temperature conditions prevailing 
in Simla are suited for their germination, tests were made twice a month in the Stephensords 
screen and a record ^of temperature was kept. .Results are given in Table If. 

Table II . 

Germination of teleutospores of black rust of Agropyron under different conditions of tempera - 
tiire prevailing at Simla. All tests were made in the Stephenson’s screen. 


Period of floating teleutospores on water. 


Average temperature 
in degrees .F. 
Percentage ^ 

germina- Minimum Maximum 
tion 


Remarks 



Material was coilected from Tarade\u 
and stored in a room at Simla : 

8—10 October, 1940 . . . 

i 5™-.17 October, 1940 
1—3 November, 1940 . • 

15—17 November, 1940 ... 

1 — 3 December, 1940 

15— 17 December, 1940 . 

6 — 8 January, 1941 

16 — 20 January, 1941 . 

1 — 2 February, 1941 

8— 10 February, 1941 . . 

14 — 16 February, 1941 , 

1 — '3 March, 1941 . 

15— 16 March, 1941 . . 

1—3 April, 1941 . 

15— 16 April, 1941 . 

1— 4 May, 1941 . . . 

15—17 May, 1941 . 

2— 4 June, 1941 , 

15—17 June, 1941 . . . 

1—4 July, 1941 
15— 17 July, 1941 

Material collected from Sanahan on 1 
stored in room at Simla : 

18— 20 July, 1941 . . 

1—4. August, 1941 . . . , . 

15 — 17 August, 1941 . , 

1—4 September, 1941 ' , " . 

15 — 18 September, 1941 . 


Material collected from Taradevi on 29 September, 
1941 : 

1 — 4 October, 1941 .... 

15—17 October, 1941 .... 

1 — 4 November, 1941 .... 

15 — >17 November, 1941 . 

1 — 4 December, 1941 .... 

15—17 December, 1941 ... 

1 — 4 January, 1942 .... 

14 — 20 January, 1942 . , . . 

19 — 21 January, 1942 .... 

9 — 11 February, 1942 

20— 22 February, 1942 . 

2 — 4 March, 1942 ..... 

15— 17 March, 1942 .... 

1—4 April, 1942 

15—17 April, 1942 

1—3 May, 1942 

14—16 May, 1942 

4 — 6 June, 1942 ..... 


* Simultaneous tests in the heated 
greenhouse (48'^'- — 65® F.) gave 
80 — 90 per cent germination 
t Minimum temperature was 
26° F. on 19 January 


* Low viability was probably due 
to age of material, otherwise 
the temperature appears to be 
suitable for germination 


J Percentage germination soon 
after collection 


-f* Simultaneous tests at 50'^ - 
54° F. gave 60 per cent ger- 
mination on 16 January 
** 50 per cent germination was 
noticed at 42° — 50° F. 

I •’’'50 per cent, germination was 
noticed at 42° — 50° F. 



From t!ir ciata supplied in Table II it is clear tliat teleiitospores of black rust of Agrojyyron gcr- 
ver>’ well hetweeu and SS"" F. Germination tests carried out under controlled conditions 
ill an iiicui)ator also sliow that satisfactory germination takes place between 40"’ and 90° F, and 
practicaJIy none below and above that range. It is interesting to note that it was found impossible 
to genui!iat<‘. teleiitospores of wheat, oats and rye stem rusts outside 45° — 70° F. 

It is also apparent from Table II that temperature is generally suitable for the germination of 
teleiitospores of the rust under study througliout the year at Simla, except during winter when the 
tempmaturo at times drops below 40°F. It may, however, be pointed out that, besides temperature, 
saturatfal atmospheric humidity and presence of young leaves are important factors in the successful 
infectimi of Inii'Ijerries. Since tliese conditions are present in abundance during the rainy season 
(Jiiue-“Se])temher) in the Simla hills, infected barberries are so common at that time. 


(iij IvfnrHCc of exposure to high lemperakires on the viability of teleutospores 

The viability of teleiitospores may be greatly affected, by exposure to high temperatures subse» 
fjuently to their formation. Stakman, Kirby and Thiel [1921] found that tcliospores of stem rust 
formed in the iiortliern States of the United States, when kept in the south, produced no infection on 
barberries, which arc commonly infected in the north. Lambert [1929] also observed that teleuto- 
spores formed during May and June in States like Texas, Oklahoma, Southern Kansas, etc,, arc killed 
by exposure to Ijot summer in the months of July-Septembcr. According to Stakman [1934] the 
absence of infection on )>arherries in the far south of U. S. A. is due to the loss of vial^ility of telio- 
spores during the hot summers. Novotelnova [1935] observed that toleutospores of Puccviim graminis 
avenue are kdled after exposure to 30° C. for 24 hours. Mclita [1940] remarked that it is very un- 
likely for the teleiitospores to retain their viability after exposure to summer heat in the plains of 
India, even if germinable at the time of formation. 

It has been found that teleutospores of Agropyron rust formed in Septcmber-October and 
exposed to natural conditions of weather at Simla are viable in June-Jiily of the following year 
(see Table I). This shows that the temperature conditions prevailing in winter, spring and summer 
at Simla do not affect adversely their germinability. 

Influence of exposure to higher temperatures on the viability of teleiitospores of Agropyroyi rust 
was experimentally determined by keeping viable material in a water bath at different temperatures 
between 90° and 120° F. for 6 to 24 hours. Germination of the heated material and that of control 
was tested at 50°^ 65° F. It was found that exposure for 24 hours at 90°--100° F. reduced the ger- 
mination from 90 to 60 per cent. Only 40 per cent germination was o1)served aften.' 24 hours’ exposure 
at 100°-'- 110° F, and 20 per cent at 110° — 120°. No viability was left after the material was exposed 
at 110° — 120° for 48 hours. It is interesting to note that teleutospiores of wheat stem rust lost all 
viability after exposure to ]0a~-110° for 24 hours and 110°— 120° for 18 hours. 

One hundred teleutospores were studied and7ound to measure 38-59— -56-75 x 13-62— 20-43 p. 
and the size of the largest number of spores was found to be 45-4 X 18-16p. 

Germinating teleutospores taken from Agvopyron semicostatum are photographed in Plate I, fig. 1 . 
Inoculations oh species of BERBERIS 
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A large number of inoculations was made with sporidia of this rust on different species of Berberis 
growing commonly in the neighbourhood of Simla, viz. B. lycium Royle, B, aristata DC and 5. ooriaria 
Royle. In addition, inoculations were made on B. petiolaris Wall, found in a restricted area at 
Narkunda (alt. 9,200 ft., 40 miles east of Simla), B, pseudumbellata Parker obtained from Tangmarg 
(alt. 7,200 ft. in Kashmir), B. umbellata Wall, found at Singlila in Darjeeling and B, tinctoria Lescli. 
obtained from the Nilgiris. B. vulgaris Linn*, known to be most susceptible to ail the ' Specialized 
forms of Puccinia graminis Pers. was also inoculated several times, simultaneously with other species. 
It may be stated here that true Berberis vulgaris Linn, does iiot occur in India [Schneider, 1905]. 
For that reason, plants raised from seed obtained from England and the U. S. A. were used. 
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Arrangement for inoculating young 
shoots and leaves of barberry bushes 
with sporidia. 


Fig. 1. Germinating teleutospores of 
P. graminis agropyri x300. 


Leaf of Berheris lycium Eoyle, 10 days 
old when inoculated on the bush under 
natural conditions.- (XlJ). 


Fig. 3. Arrangement for inoculating plants Fig. 4, 
of Berheris grown in pots. 




[Indian J, agfic,. 8ci, 


Young slioot of B, ZycmmEoyle, 
3-5 days old at the time of inocu- 
lation in the greenhouse (natural 


Fig. 3. Leaf of E. coriaria Eoyle five days 
old at the time of inoculation in 
the greenhouse (natural size). 


Fig. 4, Leaf of B, umbellata Wall, four 
days old at the time of inoculation 
in the greenhouse (X 2). 


Fig. 2. Leaf of E. aristata DC. seven days 
old when inoculated on the bush 
under natural conditions (natural 
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Tnociilation»s wore made on all tJie species in tte open^ under natiirai eoiiditicaiB, as well as in 
the areeiilioiise. For B, hjeimn and B. misUita yomig leaves and slioots on Imslies grooving hi tlie 
lahoratory conipoiind ivore inoculated. ' The shoot. was covered with Initter paper ha.g l^efore tlie 
li^aA'os appeared, in ()rder to saiegiiard against wdnd-borne infection. Each loaf was marked on the 
tla.y it started, iinfotliiig with (hited paper label for the determination of its age at the time of im 
ocula tior.. The paper ba.g was removed before inoculation and the young slioot ainl leaves well sprayed 
with tap water in the morning and covered with a ‘broad glass tube closed at one eiKi^ The glass 
tube w-as li.iied, with wet' blotting paper .and the other end plugged with wet cotton wool after' inserting 
the young shoot to make it turgid for inoculation. The young shoot was uncovered in the evening 
and inoculated v-itli a platinum loop dipped in a suspension of germinating teleiitospores iirixesh 
tap w'ater. Fit‘ces of straw bearing teleutosori were .stuck in the wet blotting pape,r lining and .the 
glass tube and cotton, wool plug replaced. The whole apparatus was supported ^¥it,h. cotton threayl 
on other shoots of the bush as shown in Plate V, fig. 2. On the fourth day (during this. period tfie 
innc.idated shoot wns shaded from direct sun wdth a piece of cloth), the glass tube wns removed and 
1 ‘cplaced w ith a butter paper bag and a label was put on it indicating the date of inoculation. This 
is id so show - 11 in the photograph. The bag was removed after the appearance of pycnia to let 
fliC insects visit the infected parts. 

Fresh leaves of other species were inoculated in the open on plants growm in pots. The technique 
of inoculation wms the same as described by Mehta [1940], and illustrated in Plate V, fig. 3. The 
glass case and the chimney w^ere removed on the fourth day from the date of inoculation and the 
inoculated parts covered w\ith butter paper bag which W' as taken off when tlie pycnia appeaxed. 
The plants ¥¥ere screened from direct sun during the period they remained under the glass ease. 

The same method of inoculation was employed in the greenhouse tests except that it was not 
neceswsary to put on the butter paper bag after the plants were uncovered. 

Successful infection, resulting in the formation of aecidia on susceptilde speciesFwas obtained 
under natural conditions throughout the year at Simla (temperature 4(F- -~85° F.). Generally, 
pyeii a appeared in 7— -10 days after inoculation and aecidia w ith in 15— 20 days. At le wder 
temperatures, as expected, the incuhation period was longer and aecidia were, formed in 20™-*- 30 days. 
Aecidia formed under natural conditions were short and accompanied by marked swelling of the 
leaf, while those produced in the greenhouse were long and without any sw^elling of tlie affected parts. 
Mains [1924] stated ' Oftentimes in the greenhouse the peridia of aecidia do not open liut project 
out as long cylindrical column from wFich no spores are shed 

The results of inoculations made on different species of Berberis are summarized below- : 

(i) Bcfbefis lyermu Royle is found very commonly in the neighbourhood of Simla. Seedlings 
as well as older plants have proved to be heavily susceptible. Fresh leaves of seedlings and plants 
raised from root-wood have produced aecidia up to the age of 16 — 18 days in the greenhouse I>ut 
only 12 — 14 clays wdien inoculated on bushes under natural conditions. Infec-tion o(*ciirs on leaves, 
stems, spines and petioles, although heaviest infection was noticed on the l(.a'iv<‘S, probably because 
of larger surface being exposed to rust attack. Infected leaves are photographed in Plate V, fig. 4 
and Plate VI, fig. L 

Reaction of this species to other ' Specialized forms ’ of Puecinm graminis as wxdl as its distri- 
bution in this country have been supplied by Mehta [1940] and need not be repeated here. 

(ii) B, aristala DC., also found commonly in Simla and the higher altitudes of the Simla hills, 
show^ed moderate infection. Leaves up to the age of 8—10 days in the case of young plants raised 
from seed and 6 — 8 days in plants raised from root-wmod produced aecidia in the greenhouse, while 
under natural conditions only leaves up to the age of 6— 8 days got infected on the bushes. A photo- 
graph of an infected leaf is reproduced in Plate VI, fig. 2. 

For the reaction of this species to other ‘ Specialized forms ’ of Puccinia graminis as w^eli as its 
distribution in this country, reference may be made to Mehta [1940]. 
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rj ■ 1 .,’ . T?m-I(v flnpi! nnf oppur near Siaila proper and in the loweT altitudes of the Simla 

•ice of Hi- ']■> (lavs got infected in the greenhouse on seedlings and young plants raised from seed 
In nhiits raisecf from root- wood, on the other hand, aecidia were produced on leaves 8 10 days 

old ii tL groe house and 6-^8 days old when plants were inoculated mnder natural conditions ni 
t !i opim Mection was moderate to heavy in every case. Infected leaves are photographed in 

Melt! [1940] has described the reaction of this species to other ‘ Specialized forms ’ of P. graminis 

and supplied its distribution in India. -i , i x. i naon .,,.1 n 

iW) H priioiaris Wall. [Syn. B. pachjacaniha Koehne, as described by Parker [1924], and 5. 
ndSi fJ I r:ilga.u proper according toHooker (1875)], is not found near Simla. It grows ina 

restricted area at Narkunda (alt. 9,200 ft.). • ■ , j. x i 

Some inoeulations were made only on fresh leaves produced on plants raised from root-wood 
because seed of this species was not available. No infection took place even on very young eaves, 
2-4 days old, in the greenhouse, although fresh leaves of 5. lycium inoculated simultaneously got 

heavily infected. . . , . Vt i , 

There is no information in literature on its reaction to P. grammis in other countries. Mehta 
[1940] observed that it is not infected by sporidia of P. gramims tritici in India. ^ 

Butler and Bisby [1981] reported the occurrence of aecidia of P. graminis Pers. on B. vulgans 

in the Himalavas, but as already stated, true P. Linn, is not found in India. 

(v) B. pseudumbellata Parker [Parker, 1924] does not occur in the Simla hills. It if ^und in 
Kasilinir near Tangmarg where Stewart collected aecidia on it which were identified by Arthur and 

Cummins [1933] as belonging to P. Pers. ^ 

For want of a larger number of plants only a few inoculations could be made resulting in the 
formation of pycnia on two days old leaves . on plants raised from root- wood. ^ Fresh leaves of 
B. lydum inoculated simultaneously got heavily infected and produced aecidia. Work could not be 

done on seedlings of this species because good seed was not available. 

There is no information in literature on its reaction to any ‘ Specialized form ’ of P. graminis 

^ "(vi) B umhellata Wall, also is not found in the Simla hills an<l work was done on plants raised 

from seed and root-wood obtained from Singlila in Darjeeling. Light infection was proil^uced in the 
arefiihouse on 4- G days old leaves of seedling and young plants grown from seed resulting in the 
formation of aecidia on some of them. A pliotograph of a four day old loaf infected m the green- 
house is reproduced on Plate VI, fig. 4. Only pycnia were formed on leaves up to the age of 

four days in plants raised from root- wood. _ , a . i- .i c = 

The reaction of this species, from information available in literature, to other Specialized toiins 
of P. graminis and its distribution in India have been supjilied by Mehta [1940J. 

(vii) B. tindoria Lesch-. was obtained from the Nilgiris because it does not occur in the Simla 
hills. Aecidia were produced in the greenhouse and. outside on leaves up to the agi' of .six days on 
seedlings and young plants grown from seed and on leaves 4-5 days old on plants raised from root- 
wood. The infection was light to moderate. 

A photograph of a four day old leaf infected under natural conditions is reproduced in Plate 

VII, fig. 1. - - r, ■ • 

There is no information in literature regarding its reaction to P. graminis. 

According to Hooker [1875] and Fyson [1932], B. tinctoria Lesch. is a variety of P. anstata but 
Schneider [1906] has put it as a separate species. It is found only in the Nilgiris and the Palm hills 

in this country. _ „ , , , tt d a i 

(viii) jB. vulgofis liinn. was raised from seed obtained from England and the U. biiA. because, 

as already stated, true B. vulgaris Linn, does not occur in India. Results of inoculations made on 
fresh leaves of this species with sporidia of black rust of Agropyron are very interesting because, 
contrary to expectations, no infection was produced even on leaves two days old on the seedlings. 
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Fig. 2. Deformed shoot with leaves heavily 
infected with Aecidium mordanum 
(slightly reduced). 


Infected leaves of B, aristata found 
near Simla, (natural size). 


Infected leaves of B, coriaria found on 
bushes at Narkunda. Two leaves on the 
left bear Aecidium montanum (natural size). 
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Id. a large niiaiber of tests.mad© on seedliiigs as well as.oB plautB up t4j mx y^-im old not a wingle 
leaf got infected, .and even pycnia were not formed on any of 'them. All l‘iie hMA'cs remained per- 
fectly healthy. Fresh leaves of B. lycium inocnlated simnltaneously in fnnu'v test got heavily infected^ 

It is well-known that B. vulyam him, is heavily infected by all the ^ Spociali:7.ed forms ’ of F, 
gmmnis, Arthur [1929] has stated that B. vulgaris is a favoa}.‘ai)le host for nil exi-ept o!ie of the 
races recognised in the sporophytic stage. For the one exception, viz., P. g/voa/i/hs i\hh:i-yf'ateuri8, 
a congenial aecialJiost ismnkrtown, for this race differs from others in ?K>t iiifeeting Berberis vnlgmis 
to any extent. Verwoerd [1931] successfully infected this species with teleutospo'rvs of /h grandids 
tritim, P. gmmtms avenue and P. gmmmis secalis in S. Africa. Cotter [1932] obtained, tufection of 
leaves 12-15 days old several times in the IT. S. A. He stated that ' BnhcriH rnJguris is generally 
supposed to be the species of barberry most susceptible to the attack of Pnecinia grumdds \ fjevine 
and Cotter [1932] have quoted this species to be heavily susceptible to P. grand ids trilied. Accord- 
ing to Mehta [1940], leaves up to the age of 12 days are heavily susceptible to s|>oridia of P. grandods 
iritki in this country. 

The significance of the failure of infection of Berheris vulgaris Linn, alone by the sporidia of the 
rust under study on its classification is fully discussed later in this article. 

One hundred aecidiospores were measured from B. lyeimn infected in the greenlioiLse and foumi 
to range from 20*4S — 27*24xl7'02~22’7p (average 23 Xl9p). Aeciclia are liypopliylloiis and 
measure about 10 — 14 mm. in length when produced in the greenhouse and 2-3 mm. if formed under 
natural conditions in the open. 

A^idiospores of P. gmminis tritici produced on B. lycium m the greenhouse under indenticai 
conditions measured lS‘16---22»7xl5“89—20*43p. (average 20xl7p) and aecidia were 12-?4 mm. 
in length. 


iNOOtrLATlONS WITIT AeCIDTOSPORES ARTmOIALLY PROBUGED 

liuocviB>tioiusmB,dL^ QK AgW'pyTon se^ii(mtatum, AAongearistaimn, and A. repens, var. arkialmn' 
(Kashmir) with aecidiospores produced artificially on species of Berheris described above resulted 
in the formation of uredo-sori in every, case.. 

Simultaneous inoculaMons on wheat {Triticum spp.), barley (Hordeum vulgare), rye (Secale- 
eereale), and oats (Avma miwa) with meidiospoies so produced in the hiboratory and with uredo- 
spores obtained therefrom on Agropy%'on gave negative rCvSiilts. The varieties of wheat, barley, 
rye and oats on which inoculations were made are : 

(i) Wheat : 

li var. .Little club 

2. T, vulgare vars. Marquis and Agra local 

3. T. durum. Ys^t. Spelmar 

4. r. mowococc^/m var. Einkorn 

5. T. dicocmm var. Khapli 

(ii) Barley: 

1. iiomeum vuigam YSbX. Agra local 

(iii) Eye : 

1. Petkusar. 

2. Colourless 

3. Dakold 

4. Kosen 

5. A susceptitk -variety obtained from Agricultural College, Lyallpur 

(iv) Oats: 

1. ' White Tartar- 

2, Joanette 
3«>.EiellaDd 
4. Agra local 
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O».«v..no»» o» ebbtkb ABROPyBOtl ,» th. Simla 

Wl, for „L *.,1 sraBB ...» jf'f <> rS^rowinf^S S K.vi. 

hili. »f.» S:1;:;Tt.— r/uring ,l„eiAuguBt„.arabc.t 

Infection on bushes of B, lytium m - • ' ^ ^ I , . j^^j^ltboiirliood in August — Septem- 

Simla an,l i,. ...oat oaaos rusted Agronrcn SLT»it^ of Arwon. Hat. 

her. At aoo,o places i.. ..ted t,«,t,err.ea * 0 “^ |'o™o^f P on 26 

ILl.ust:4f“,“^«”,S.»i.L^e“p»onBJ»«»andtt^ 

un the stems. u.- i j ■ „ M„Tr_^Tn1v on B aristata m the higher altitudes at places like 

K t ^(8 •» trrThToMTlMl ft )Td (^900 ft. ) but th. leaves ate never so heavily intat.d 

!i'r.^ofVU»."lnmost'eaaesaftaw^^^^^^^^ 

ia the infection ^ Jurowron with uredo and teleuto pustules were found near 

At Theog ancl Mattiana, plants W when those places were visited. Leaves of 

R the bushe; are photographed on Plate VII, figs- 3 and 4 

Tw^k™ of f eidia were observed on B. comma at Narkunda (altitude 9,200 ft.) during May- 
Tune one tvpe resembling Aecidimri berbericlis m and the other answering to^the description of 
lecidmm inmfanum Butl. It appears that leaves bearing the former either get infected m September 

before the following spring on account of very low temperatoe 
j fi.af qltifiide or the teleutospores over winter and germinate and produce 

infeTtfor^eari^ in spriiif^ Nothing can be said for A. montanum. Leaves of B. conmia bearing the 
t^rkimls of aecidia are”photographed on Plate VII, fig. 3 and a deformed shoot with leavesheavily 
infected with Aeddium monfanum is shovni in Plate VH, fig- 2. Inoculations made on * ® ®P® 

Si aecidiospores from both kinds of aecidia separately, gave negative results on wheaj oats, rye 

and iqropyronsemicostatum in the ca.se of Aecidum montanum hut resulted m the production of 

Sio Sides only on Agropyron with ‘the other kind of aecidia,^resemblii^ A. berbendM. 

These iLculation were repeated several times in the SSsIhe 

Aaromton alone was infected with spores from un-deformed leaves only, ihis explains tue 
failure of infection all these years on wheat and barley seedlings with aecidiospores occurring m 

nature as reported by Mehta [1933, 1940], .i A _ a „ 

Aecidiospores from both kinds of aecidia remained viable for nearly a month at room tempera- 
ture (60°— 70° P.) at Simla. . . , , i- j ■ 

Measurements of aecidia and aecidiospores taken from Berberis conana bnshes are supplied m 

Table m. 

Table III 

Dimensions of Aecidia and Aecidiospores of Aeddwm imniawm and A. beAfmdis (1) found 
in nature on Berberis conana and of A. herberidis (?) found on B. lyaium ^ 


Aecidiospores 


Type of Aecidum 


^Length of 
Aecidia 


Size limits in fx 


Average in fx 


B. coriaria 

1 . A. montanum 

2. A.berhendis {^) 
B. lycium 

1. A, herberidis (?) 


. 2--3 mm. 24-97— 34-05 X 18-16— 27-24 , '29-51 X 24-97 
. 1—2 mm. 19-29— 29*51 X 17-02— 22-7 24-43 X 19*87 


1—2 mm. 19-29— 27*24 X 15-89—22*7 


24-97x19-29 



iii 


BlSmwmY OF ^ TBB UBEBO-STAQE 


A dozen representative wild gr|i 3 ses weto also inoculated with uredospores and the results 'are 
isupplied in Table V. 

■ E 2 


Dimensions of uredospores of Pmciniu gr(miinis P, grmnmis avenae, P. gramims secalis 

and the Agropyron mst tnkm from cultures inaintained in the greenhouse 


Specialized I'orm 

Size limits in |ji 

Av ti. 

«r;»(rc in 

F, (j ram inis triUci . . . . . . . . 


28x17-6 

P. graminis aremm . ♦ . . . . . 

. 17-6-— 37-4 xil— ID'S . . . ... 

20-4x17-0 

P. graminis secalis . . . . « . . 

24-97— 34-05 X 13-02— iS'lC 

28-37 X 15-89 

Agropyron . . . . . 

20-43— 31-78X 12-48— 18-1,0 

26-1 X 14-7 


Tub UBBno-STAGE 


Whemver foundj,, Agropyron was- heavily infected : sterns^ leaves and ears being .I’m-^olved:.. . In- 
lection with uredo-stage was never so heavy as ..with the teleuto-stage. 


, A culture of the .rust under study has been maintained .i.n the gTeen..h.ousc ever since it was first 
collected at Taradevi. .The incubation- period was found to vary ]'.jet'wc3en 8 a..nd 15 days according 
to weather. 


In general, the shape of uredospores is similar to that of uredos|>or»\s ol hlavk rust on yrheat 
oats or rye. If, however, a large nuniber of spores is lucasured frcvi'. enltiis‘*-s grovji on theif* con- 
genial hosts, it is found that there are significant differences in the si>:o of uredospor(*.s of the foiir 
rusts. For the sake of comparison, the dimensions of uredospores of each of these,', rusis is gi\''‘n in 
Table IV. The results were obtained froin tlie study of one liundred spores of e:ufis rn.- l as re[)res(mte(l 
by a mixture of six physiologic races of Puccinia gnmdms triLici, four races of P. (minvids aTenm\ 
as reported to occur in this country by Mehta [19401, a culture of P. grandms sanlis originally started 
from material obtained from Cambridge. England and a culture of the rust under study on seedlings 
of Agrop'i/ron sendcoskilum. All tlie spores were taken from greenhouse cultures grown uiider identi- 
cal conditions. 


Table IV 


It is clear from the data supplied in Table IV that uredospores of Agropyron rust are smallest 
out of all the four rusts studied. 


Like others, the uredospores of Agropyron rust have four equatorial gem-pores and there are 
no mesospores or paraphyses. 


In general appearance the pustules of the four rusts are similar. The shape is usually oval to 
broadly linear but when the infection is heavy the sort coalesce with one another and form long pus- 
tules. In greenhouse cultures on leaves of seedlings the pustules oi Agropyron rust arc linear and 
measure 2 — 3 mm. when ripe. 


Uredospores from pure cultures of the Agropyron rust were put on seedlings of Agra local wheat 
barley, oats and Lyallpur rye but no infection was produced on any of them. Diilerential hosts of 
P. graminis tritici [Stakman & Levine, 1922], P. yrmninu avenae [Stakman, Levine and Bailey. 1923] 
and P, giaminu secalis [Levine and Stakman, 1923] were next inoculated but the results were negative. 
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Tabi,e V 


Bcyiilh! Ilf iufK-t/lfiihn,.^ n-ith tn-id(»fporcis of black rust Agropyron seniicostatum on seedlings oj some 

wild grasses 



.Name of gras 

/ 

No. of 

No. of leairtj® 

Degree of 
Infection 

No. 


iaoculated 

infected 

__ 

.1 

Brof/iif.s’ jjf /I (it If, H 

2 

20 

20 

Heavy 

2 

mfimlicwui ...... 

2 

20 

0 

No iniootion 

n 

Avert a fafiiti 

2 

IS 

0 

Do. 

4 

iJaciylit? (jloinaraiti 

3 

24 

0 

Do. 

T) 

A grant oJba 

% \ 

20 

0 

Do. 

f> ! 

Poa pratfH'Sin ....... 

■ 2 . 

25 

0 

I)o. 

7.1 

Phalarln nAn(>T ........ 

2 

22' 

0 

Do. 

• 8 

Fesiuca oviria ....... 

2 

■ 20 ' ' ■ 

0 

Do, 

0 

Panicvfn Crvh-gai.li ....... 

! ■ 2 

! ■■■ 24 ■ 

0 

Do. 

10 

Aira fiamosa . . . 

2 

22 

0 

Do, 

n 

: Agropyron n-ptns ....... 

2 

20 

20 

Heavy 

12 

i A longearisiaUuti ....... 

2 

20 

20 

Do. 

13 

i A, semico&taimt ....... 

2 

20 

20 

Do. 


Seo<l of Nos. 2, 3,’i, 12 and 13 wore colloctod by the wx'iter near Simla ; Nos. 4, 5, 6, 8 and 10 tvere obtained from 
Welsh Plant Breeding Station, Aberystwyth ; No. 9 waasuppliedby the Forest Botanist, Dehra Dun and No. 11 was collected 

from Kashmir. ' ■ 

It will 1. 6 i^(‘en from the above table tJiat, with the exception, of Bromus jpatulua and, three species 
of Agmpyrofh no other grass was infected. This is very significant because these grasses are known 
to be eor^ger}i^d hosts for one or the other ‘ Specialized forms ’ of Pucoinia gmminis recognised so far 
[Grove, 19.1,'] : Stakman and Piemeisel, 1916, 1 and 2 ; Arthur, 1929], Brornus patuhis has also 
beeii foiuid to be a, collateral host of P, grandnis tritici in this country [Mehta, 1940], 

Moderate infection was produced when Agrofyron longearistatmn and A. semicostatwm were in- 
oculated with uretlospores of P. gmminis tritici and P. graminis secvMs but only weak infection \ras 
olt«aine(;i with P. granmds avenae. On the other hand, none of the three hosts, wheat, rye or oats, 
got infected with tlie rust of Agropyron as stated before. 

The effect of exposure to high temperatures on the viability of fresh uredospores was determined 
by putting infected lea\'e8 in an incubator between 90"^ and 120"^ F. The uredo-sori were nearly 
7—9 days old in every exposure. The cut ends of the stalks were dipped in water in specimen tubes 
whereby the leaves remained ijiiite fresh throughout the period of experiments. Germination was . 
tested in tap water in hanging drops at room temperature (50^^ — 60°F.). 

Kesults show that between 90° and 100° there is no appreciable loss in the viability of the spores , 
in 24 hours. At 100° — 110° and 110° — 120°, more than half the number of spores were killed in 18 
and 6 hours, respectively, while no germination was noticed in the material exposed for 24 and 12 
hours at those temperatures. 

6 Genkeal discussion 3 

From the evidence obtained during the course of these studies, it is clear that the rust found on 
Agrojpyrcn semicosiatum and A. lo7igearistatum in the Simla hills is Puccinia graminis Pers., the black 
stem-rust. Leaves, stems and ears are infected but the attack is heavier on the last two. The uredo- 
spores are ovate-oblong, yellowish brown, with four equatorial germ-pores* In size they are smaller 
than those of P. gmmims tritici, P. graminis avenae and P. graminis secalis. There are no mesospores 
or parapliyses. Teleutospores are bi-celled, very much resembling those of stem rusts of other cereals 
in appearance and size. Morphologically, therefore, there is little to distinguish the rust under study 
from the stern rusts of wlieat, oats or rye, except in the size of uredospores. 

.Kiysiologicaliy, lio^\'eve^, the differences are very apparent both in the gametophytic and sporo- 
phytic stages of tlie life C 3 ^cle of the fungus. These are discussed below detail. 



DISCOVEEY 'OF' THE ' HEEDO-BTAOl' 


(i) Germinaiimf of teleiitosfores 

Teleiitospores of the Agrofyron rust have-beeii found to germinate very well 5. without under- 
going a period, of rest, between 40® and 90®F.. , -As' recorded by different workers in India and abroad, 
and also found by the writer, teleutospores of- wheat, oats and rye steni-rusts do not- germinate outside 
45® — 70®F. and require arresting period. ■ . 

It Ls interesting to mote that, whereas teleutospores of wheat stem-rust lose all viability when 
■exposed ‘to high temperatures, those of, the rust under- reference gave 4C^ and 20 per cent germination 
afteriexposurefor 24'h0urs to 100®— 110® andll 0 ®— 120 ®“^., resfmctive^^^ 

(ii) Infection of sfedes of Berbms ' ' 

' Specialized forms - of have been on the basis of their host speci- 

alization on the sporophytic side ; very little information is available concerning the behaviour of 
their gametophytes. As stated by Arthur [1929] Bcrberis vulgaris is a favourable host for all except 
one form hitherto recognised in the sporophytic stage. For the one exception, viz,, P. gmniinis 
'pJdei-pmtensis, a congenial aecidial host is unknown, because, unlike others, Bcrberis vitlgansm-imt 
infected at all. Largely for that reason, the rust of Phlmmi prateme has been raised to the rank of 
eb&mtmctspeoms.PtmmiaphUe’-pratensis. 

The Agropgron mst differs from other forms of PuGcinia grarmms in its inability to infect Ber- 
beris vulgaris at all. It has been shown that even young leaves at the age of two days in the case of 
seedlings did not get infected ; there was no evidence of any puncture or injury of the leaf. Unlike 
PuGcinia pMei-pratensis, however, several other species of Jcfhcm are heavily infected by this rust, 
resulting in the formation of aecidia. On all these species infection is very mueh heavier than with 
the wheat stem-mst and slightly older leaves proved to be susceptible. For this reason, there is no 
justification in assigning a distinct specific name to this rust. It is quite likely that other forms 
may behave differently towards various species of Berberis, or individual forms-as at present recog- 
nised by their host range on the sporophytic side, may be furtlier divisible on the basis of their 
ha viour on different species of 

A parallel case is available in Fuccima cormhaba GotA<%. Klebahn [1895, 1696] separated it 
into two species, P, coronifera and P. eoromda chiefly -Vrecause' the former produces aecidia 
on one group of species of while the latter develops aecidia upon another group. Within 

these two species several forms were recognised on the basis of their specialisation on grass hosts. 
Other investigators [Arthur and Fromme, 1920 ; Melhus, Dietz and Willey, 1922], however, prefer 
to retain all these races as under one species, P, eoromda Oorda, because one species or the other of 
is successfully infected by all of them. 

(iii) The uredo-stage 

Uredospores from pure cultures of this rust have failed to infect Agra local wheat,, barley, 
and rye, all of which are heavily susceptible to their respective forms of black rust. Inocu- 
lations made on differential hosts of P. graminis tritici, P. grammis avmhoe md P. gmmims secaUs 
gave negative results. Seedlings of Arena fidma, Bactylis glamemta, Agrosiis ulba, Poa praterms^ 
Phalaris minor, Festuca ovina, Paniemn Crm-g(dli iiud Aira flsxuosa, linow to be congenial hosts 
for one or the other specialised form of black rust, also failed to get infected. Successful infection 
was produced only on Bromus patulus, Agropyron repens, x4. longearistatum and A. semicostatum. 

It is evident, therefore, that the rust under study cannot be placed under any of the known 
specialized forms of Puceinia graminis on the basis of its behaviour in the sporophytic stage also, 
and accordingly the name Pucoinia gmmmis agrojiyri (Pers.) Mehta and Prasada is suggested for it. 
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Summary 

WUs was discovered diirmgt^ese studies^ ^ Viability was 

to! I wo ond „o gormWoo wao rf.,, 

UdumemiA. Irm^wrisiatum. _ ^ nrivtata also infected only tbe three species 

A«»dio,p«rc, oi i; ^ -la -?*"«>» 

with nxedo-and telento-stages. Th hosts of Puccinia araminis tritid, P. grmmms 

110° F. No infection was 

aveme and P. drctnmm ^edl ^^^.^^ CrusialU and Aa jexuosa, to be conpnial 

r^hr^other specialized form of Puccinia gram, inis, also failed to get infected with me- 
SC™ “ ‘S ’ o.U.ten.1 ho,, of Jr*— «"<». 

however, got infected. „r*.rln«Tvores of Paccinm armmnis tritici and P. grommis secaUs 

wMi. p. ow. p«>do»^ 

«. di»n««l h. detail ta ,ho„ that the m,. i. a .e„ ^eoialitad form of P. 
and the name P. gramnis agropgri (Pers.) Mehta and Prasada is sugges e . 
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FIELD EXPERIMENTS ON RECLAMATION OF SALT LANDS IN 
BARAMATI OF BOMBAY DECCAN* 

By B. P. Talati, M.Ag., Ph.D., Soil Physicist, Poona Irrigation and Research Division, Bombay 

(Received for publication; on 5 March 194i) 

(With plates IX— -XI and .six text-figures) 

A .MONGrST t/Iie soil conditions affecting, plant growth^ the supply of plant , iiutriente and 
various other factors play a very important part. 

It is wel.l known that alkali soils are very sticky w^hen wet and are impervious to water, and 
on drying form hard cakes at the surface. The intensity of these properties depends upon the quantity 
and conditions of colloids. It is, therefore, very essential to restore these soils to their normal condi- 
tions for plant growth in the initial stage of reclamation. This means that the soil has got to be brought 
to its original crumbly state or that the soil must be brought to good tilth. This can be achieved 
by deep tillage and addition of chemical fertilizers in combination with organic manures. 

It is also observed that the soils, which are partially reclaimed, require careful tillage in the 
beginning as vafsa (optimum moisture) conditions remain for a temporarily short period than in the 
case of normal soils, specially during the wet season . 

Another important point is the loss of organic matter usually occurring in alkali soils on leaching^ 
Greaves [1927] in this connection has pointed out that ‘ Organic manures were essential for the 
restoration of alkali soils to a high state of productivity b Thus after securing the necessary good 
tilth the next step to follow is the selection of crops resistent to alkaline or saline-conditions. 

Henderson [1920] in his note on practical salt land reclamation mentions about the rice crop 
as resistent to alkali salts. Similarly Mann and Tamhane [1910] suggest growing of salt rice from 
Konkan during the process of reclamation. They also recommend growing of wal {dolicMs lablab) 
ehawali (Vigna catiang) and Ambadi {Babisciis canyiabinus). Puri [1935] has also worked out rela- 
tionship between degree of alkalization and crop yield in the Punjab. 

The work done at Baramati described in this paper is in connection with the study of lands 
affected with salt deposits with high subsoil water for years. Subsoil drainage reduced the high 
water table and made reclamation possible. The process of leaching out salts, the growing of successful 
crops, in the initial stages of reclamation according to the degree of salinization, and the stand of 
crops with progress of reclamation has been described. Basu and Tagare (1943) have described 
work at Padegaon in connection with (natural) alkali soil, called chopan with deep w^ater table. It 
mainly deals with the nature of alkali soils and the various soils tests before and after crop growing. 

In a reclamation process, therefore, every worker finds it quite essential to select crops which 
are resistent to salinity or alkalinity in the initial stage of reclamation. 


Experimental TECHNIQUE 

Laboratory and Field methods were the same as described in previous papers [Talati, 1941—1942], 

Fig. 1 gives the area wherein all the experiments described in this paper wer^^ conducted. This 
area known as the Baramati Experimental salt area was one of the worst salt affected area under 
Deccan Canals. The subsoil water table was very high which ranged from ground level to 1—2 ft. 
from the surface while the solube salts varied from 2-5 to 4 per cent or even more. The whole area 
was underdrained by putting in pipe lines and open drains described in details by Inglis and 
Gokhale [1928] and attempts were then made at reclamation after reduction in the subsoil water table. 

^TMs paper is in continuation ol the ]^uMished ^ InMan Journal of Agrictdtural Scien^ (XI, Yl) 

December 1941. 
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Mixed saline soils 


Salm§ ftojla 


0—6 in. Fine black, loose and granular 


0 — 12 In. Loose red soils 


-IS- in. Grej jblaak siTae|mre» 
leas 

in,. Glody grey-' black 
stractar'e . 
iiig lAAi,|iat.ed liirfe 


-4$ in. Fissured 

-66 in. Yello'wisk prisa?.?5idal 
elay 


,13 “tl.r’- Js. 

24-36 in. Oreyk stiff . . . . . Ing Ijiitlip^ted lime 

36—72 in. Yellowish clay large, prismoida’l 24—60 in. Prisimoidal red ckv 
structnre pieces, gypsnm crystals with gypsum crystals 36-4S in. Fissured c*cjia« 

• Tvr • 1 , n . Ot hme Jcanker 

72—84 111 . Massive hanker, fine sandy mate- a^. * 1 . 

rial easily breaking into powder (iocaily 'known " ’ ” ‘ * 48 66 in. Yellowish prismoidal 

as man) ^ 

of pwfiles described in Table I were leached to a stage in wbicli crops Could be 
lished. For detailed description of the profiles for noting ealcium-sodium ooncentration and other 
cliaractenstics, the previous publication on this subject by Talati [ 1941 ] may be referred to. 

Iiech7n(a%m 0 / mixed saline soik {consisting of mixed salts of mUiumard sodium) 

Leaching under field conditions. 

A typically salt affected patcli of about six acres was provided with adequate drainage, 
the subsoil water was bwered to more tban four feet from ground level, this area was ploughed up, 
levelled and divided into small plots of one gimtha each accordhig to the slope of th# gtOand. 
r ig. lb. will explain the layout more clearly. ^ 


iUj PIELI) EXPERIMENTS ON REOEAMaTION OE SALT LANES 

The description of the profiles affected with salts was as given in Table I, 

Table I 

Description of the profiles affected with salts. 
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T,.«. plot, w™ ^ 

u„d ,ocen-,a .toot 1® acre mches of yate. n^»Jjser.e«^^ 

Sw^T'o” ft e»«“o ton P-oilo. part going into subsoil d».i«ge and part into tto 

"SfSSi’S foIS rtoTypical s^to before leaching ; »n,ples sver. also si.nitoly 
collected after leaching. The results are set out m Table 11. 

Table 11 


Salt content of sail samples before and after leaching 


Soil d<3ptli- 


’--Description of .profile 


Profile No. I Profile No. 2 

Total salt percentage 


Leaching 


Leaching 


Profile Ho. -S 


Leaching 


0.-6 in. . 

6 in.--l ft. 

2--3ft. . ■ 


Salty black soil . 

Ditto. • 

Yellow coloured loose soil . 

Ditto... . ■ • 
fissured loose day brownish 


Before 

M 1 

After 

Before 

After 

Before 

After 

2-65 

1-00 

3-00 

1-025 

3-50 

0-925 

2-10 

1*20 

2-85 

1-27 

2-85 

0-737 

2-50 

1-00 

3*00 

M2' 

3-00 

0-825 

3* 26 

MO 

1 75 

1-25 

2-75 

0-700 

2*40 

1-025 

3*00 


3*25 

0-492 


rpKe resultTiu Table II shoiTgood effects of leaching. The total soluble salts considerably leached 

out from about 3 per cent to less than 1 pbr cent. The reduction is, however, not uniform in all profiles 
whMi iaay be due to^the nearness or otherwise of the mam dram. 

Yalties of the leached profiles were as shown in Tahle lii. 

Table III 

The pH values of leached profiles 

.. ' . ' ' r ■■ ■ . pH values 


Soil depth 


Profile Ho* 1 


Before After 

leaching leaching 


Profile No. 2 


Profile No. 3 


Before After Before After 

leaching leaching leaching leaching 


0— "6 m. • 
6 in.-- 1ft. . 

1— -2 ft. 

2— 3 ft. 

3— 4 ft. 


to.'b ■ I ■■■— -i ' III! ' .mi .1 ■ 

The results given in Table 11 show that pH values were appreciably reduced in the top six inches 
with an appreciSile .increase in lower horizons. _ This was because on leaching, sodium was hydro- 
lised in lower horizons and this produced alkalinity. 

The humus cont^its of these befone and after leaching were estimated and the results given in 

Table IV were obtained. ; . , . 





MEiD-lXPEElMENTS /MCT LA'Xli8 


Humm contents bef&re and afterleadmig 


It will be seen tliat except for the top 6 in. there w^kS considerable (lepletion of liniiuxs from 6 in. 
onwards. 

Next year during monsoon, a crop of dhaincha (Sesbmia aciihata)^ a robust green inanuring croj», 
was tried. The stand of the crop was quite good. After the crop was removed, the soils were again 
examined for soluble saits, values and humus contents with results as indicated in Table V. 


Solubh mk eontmtSy pE values and hmnus percentage of soil 


Percentage 
of total 
soluble 
salts 


Remarks 


Salts were found 
out from oven 
dry soils 


These results show that leached soils are deficient in humus as compared to normal soils of the 
type and hence it is essential to add bulky manures to enrich them and also to restore their tilth to 
normal conditions. 

Saline soils of G type (alkali soils) had to be leached for three seasons to reduce excessive salts. 
The total inch-depth of irrigation applied for leaching in all the three seasons was about 275 acre 
inches which included evaporation amounting to 95 in. At the end soluble salts, pli values capil- 
lary rise and humus contents were noted ; the results are given in Table VI. 


pB. 

Values 

Perceatage 
of humus 

Percentage 
of humus, ■" 
in normal 
soils of the 
same -type 
nearby 

S-04 

0-32 

■. ^ 0-'82 

8*32 

0-33 

0*70 

9-08 

0^37 1 

j 

1 0-52 

9*45 

0*32* 

0-32 

9*24 

0*28 

... 


Soil depth 

Humus percentage , 


Before !eac,liing 

,4iter leaching 


0*3107 

0-3346 


0*3824 

0*2868 


0*4302 ^ 

0*28f38 

2— 3ft 

0*3585 

0*2748 

4 ft. 

0*2987 

o 

GO 




f 


1 
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' Table TI 

Eesulis of Imching of alkaline soils 


[XVII 


, Soli'd^ptli 

Percentage 
of soluble 
salts 

values 

Percentage 
of Inimus 

percentage 
of hiinnis 
in normal 
soils 
nearby 

Remarks 

0—6 in. - . • ,,■ ” 

0-43 

9*72 

0*12 

0*82 


'6 in.— “I ft. , . 

0-52 

10*01 

0*15 

0*70, 


1— 2 ft. ... ., » , * 

ft. ' ' . ■ ■ , ... . ^ 

0-28 

9*85 . 

0*04 

' , 0*52 

Tlie capillary rise observed 

, O'SS 

10*08 ' 

0*32 

0*32 

for 300 minutes did not 
show any rise in any of 

S-4ft. ■ • i 

■ i 

. 0-22 

' ' 9*87' 

0-36 

,... 

these samples. 


The results given in Table VI .show that leaching reduced soluble salt contents but, increased ' 
the |)H values to. an appreciable .extent. The Immus contents were considerably, reduced in leached ' 
soils. Thus these C type of alkali soils on leaching get strongly alkaline which require chemical treat- 
ments for thek' improvement 'which .are described later. , 

Roh of local sugarcane (Pundia) in redamation 

Field observations were made after the crop had established itself in the field. Observations 
were taken at each graded growth, and demarcations were carefully made where there was a uniformly 
good crop in several rows followed by appreciable change from good to medium and further on to 
patches with inferior growth. This will be clear from Plate IX, figs, 1 and 2 taken in a graded growth * 



patches with inferior growth. This will be clear from Plate IX, tigs. 1 and 2 taken m a graded growth * 
of sugarcane plot. 

This was done in the same soil type (deep soil) as near as possible and under identical conditions 
of preparatory tillage, manuring, irrigation and after care. Soil samples were taken from the first 
foot pounded in wooden mortar, passed through 1 m.m. sieve and used for experimental tests. 

The following tests were carried out : - 

(1) Capillary rise in five hours. 

(2) j?H. values. 

(3) Salt content by Dionic Water Tester. 

The idea in carrying out these tests was to note which factor had a dominant effect on the growth 
of crops. 

Study of sugarcane 

The cultivators on Deccan canals grow Sugarcane known as Pundia, which is a thick cane, fairly 
rich in sucrose and is a good yielder, but the main drawback is its sensitivity to even slight salinity 
or alkalinity. Before other varieties were introduced, this was exclusively planted by cultivators 
as it is a very soft cane and can be crushed with bullock crushers. Evidently one had to wait for 
a long time after drainage to make soil conditions ideal for growing successful crops. The study 
of the resistance of this local cane was made in the Experimental Salt Area. Nearly 260 representative 
soil samples one or more from each plot was taken from the surface 12 in. depth, because it was 
noticed that the roots at this stage of the crop penetrated almost to 12 in. depth, in the soil. 
Plate IX, fig. 3 illustrates the root system taken from good and inferior growths of sugarcane of 
Pundia and CO 290 varieties. 

After getting the samples of the required type, soil extracts were prepared and values were 
found out by the colorimetric method (Clark and Lubs) using 1 to 10 soil water ratio. The total 
soluble salts were also found out by the Dionic Water Tester and capillary rise was noted for five 
hours. The results showed a variation in pR values ranging from 7-3 to 9-0 with varying capillary 
rise and salt contents. Table VII gives the mean results of each grouping. 
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Fig. L Graded growth, of 
sugarcane in mixed 
kS aline soils 


Fig. 2. Graded growth of 
sugarcane in strong 
alkali soils 


Eoot system of 
sugarcane in alkali 
soils. (1) Co. 290, 
good root system ; 

(2) Co. 290, in- 
ferior root system ; 

(3) Pundia, good 
root system (4) 
Pundia, inferior 
root system 






Bemarks 


Average ef 3 tests 


Fig. 2. Capilfary rise and pH values of plots of 
Baramati Experimental Salt Area 


PIBIiD ' EXPERIMENTS ..OH RlOIiAMATION OF SAM BANDS 


Tabbe V II 


Awfoge pH values and mpUhn/ rise and soluble salts of smlsampks 


Percentage 
of soluble 

Capillary , salts by 
rise" in cm. conductivity 


T{}tal 242 test 


The results given in Table VII are reproduced in Fig. 2. The figure clearly shows the close relation 
between pH values and physical conditions of the soil. The soil tilth is very good as indicated by 
the capillary rise varying from about 7*0 140 cm. and as indicated by pH up to the value of 8*6 
beyond which it is bad being nil at pH 9-0. 


pH V Sibils 
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8,000 


fe.OOO 


Fig. 3. Outturn of cane in various plots of 

Baramati Experimental Salt Area with varying 
pH values 

shows tli6 oiittiirn and the average jpH values of several plots in the fLxperinieiital Salt 

I Pundia Sugarcane was grown. It sliows a marked reduction in outturn with increasing 
It, Romewhere near 30 Dallas ( 7.500 Ibs. of gul.) at 8-4 nH. This confirms observations 


12,000 


Wist;; 05 


. r * l 1 t « 


PUHOSA 


Fro. i. Outtera of different varieties of sugarcane in Exporiniental Salt Area Baramati in different years, 


'wmm m -ebolamatiok of . salt lands 


Mmhmmiwm mpmim;mit$ with sti§UTmnevmieties- 

Up to 1926-26 Pundia alone ( a local cane) was grown in salt lands. Since 1 926-27 ileveral va- 
rieties of cane newly introduced into tlie canal tracts have .been ii,ii,der test as n‘ganLs their resistance 
to salts and sodimnisation, but little progress was made until 1932-S3. Of the* varieties tried only 
; D 109 and HBf , 544 continued to give yields nearly as good as Pundia. But imm these were noticed 
to deteriorate iii' course of time. I) . 109 showed tendency to lodge a,nd put up croclced canes trouble- 
some to. crusli. HM 644 produced inferior gui. The varieties as a rule did .not then tiller well and 
germiBation was .affected by the impervious soil which did not dry up soon. Dry plantation and light, 
watering had, therefore, to he resorted to in some cases. Cane was rotated with robust fodder crops 
such as nilwa;jotmr and dhaineha {Sesbania amlmta) to provide green inaiiure previo!..is to tlie pla-nt- 
ing of cane. Cotton was selected to grow after cane as it yielded w(*J] and iin proved the soil. The 
early cane varieties tried received bulky manures at the rate of 10,099 lb. per acre and in additidn 
a dose of 150 lb. of nitrogen was given as top dressings in form of ainmonium sulphate and oil cakes. ' 

POJ 2878 and HM 320' succeeded well and gave much higher return tlian Pundia. After 1932-33, 
CO 290 variety was intoduced. This w'as found to be very resistant to salt (1 to 1*5 per cent salts) and 
g^iumised soil with ptH 9'96. POJ 2878 stood next in tolerance to alkalinity. It stood up to 9’7 
pH, but not salts exceeding 0*5 per cent. POJ 2883 and EK 28 were comparatively very sensitive. 

The performance of different varieties tried in salt lands from 1922-23 to 1932-33, will !>e clear 
by reference to Pig. 4, which gives outturn year after year. The results indicate ho^v certain varieties 
deteriorated in course of time while others not only maintained their yields but gave increasing yields. 

The system of randomisation and replications which being capable of statistical treatment gives 
decisive results was introduced since 1933-34, The results are summarised in Table VIII, 

Table VIII 


Results of vwriekd trials 


Serial 

No, 

Description 

Fundkt, 

BM320 

EK 28 

PO.I 

2S83 

.POJ 
2878 . 

(.JO 290 

8iguilL 
<-ane© 
figure ■ 

1 

Alkaline soil 9*2 (lower 

-area), 1934-35 

11-01 

14-13 

18-99 

24-28 

25-99 

Not tried 

9-98 

2' 

Mixed Saline scmIs (low^er area) 
8^5 to 9^0# replicates 
1935-38 

20-88 

36-36 

23-00 

35-65 

36-97 

51-88 

9-16 

# 3 

Middle area, mi'seed saline 
soik 6 Replieatosf, 1935-36 

32-36 

34-70 

29-08 

34-84 

35-38 

54-41 

8-32 ■ 

4 

Lower area 1936-37, 5 repli- 
' cates 

1 38-83 

48-90 

46-84 

47-44 

48-34 

71-73 

16-04 

% 5 

Middle area, 6 replicates, 
1936-37 

25-45 

38-07 

35-35 

35-05' 

27-57 

51-41 

10-36 

6 

liOwer area, 1937-38 . 

22-78 

38-41 

37-93 

37-16 

' 47-30 

56-99 

10-16 

7 

Middle area, alkali sail, 
1937-38 

11-73 

25-94 

20-04 

19-77 

24-00 

■ '40-i3 

8-25 












The results show that CO 290 has given highly significant results all through. POJ 28/8, 
HM 320 and POJ 2883 have given in four out of seven cases examined. 



Table X 


Total 


Heak 


Outturn in palUis per acre 


Blocks 


Oan« Variety 
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l)iiriti|Z several B«w varieties were tried in alkali.soil (€■ type)' of -tlie' description as 

gittn ill Table IX. ■ 

Table IX 


Capillary rise in 5 hours 


Depth ol soil 


pH values 


Percentage 


by eJectrieal Distilled Kormal of soluble 
method water Naol »a«* 

solution 


60 360 
60 419 . 
60 408 . 
60 290 . 
00 417 . 
KLJ 2878 


Significance figure 9-96 

From the data as indicated in Table X it will be seen that CO 290, CO 419 and CO 417 are signi- 
ficantly better than POJ 2878 ; CO 290 stands oiit the best followed by CO 419. 

Ihiring 1940-41, the exneriment was continued in highly alkaline soil of the description as givert 
iia Table XI. 


The results as given in Table IX show that though the soluble salts were low, the soil was highly 
alkaline. Cane was planted on 5 January, 1^38. Partial earthing up was done in July, while com- 
plete earthing up was given by the middle of August. After these operations,' the growth in the 
case of CO 290 and CO 419 made good progress. 

The outturn of different varieties are tabulated in Table X, 


Results of outturns (converted into pallas. 240 lb. = 1 palla.) 
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Table XI 

Soil tests of G2 type under experimentation 


' Rep] ace - 
• able 
■' Ka+K 
X-M!']!!. 
equi- 
valent 
ipercentage 


Replace- 

able 

calcium 


Total 

bases 


Re, place- 
able 


The preparatory tillage was given by means of Gallows Plough. Two ploiighings were given. 
The land was divided into deep ridges and furrows by a heavy ridger. The area was then divided 
into small sub-plots of one guntha and alround shallow drains were opened out. These shallow gutters 
were joined to main drains. Farmyard manure was spread in the furrows at the rate of 15,000 lb/ 
A basal dose of three tons of gypsum was also given at this stage and spread in furrows. The 
soil was then thoroughly stirred with pickaxes. On this a layer of pachat was spread at the rate 
of 10 tons per acre. The V-shaped furrow^ thus turned into a flat shape. Dhaincha was lightly 
broadcast at the rate of 30 lb. per acre. Dry planting was resorted to during August 1940. Seed 
rate was increased to 12,000 setts per acre and light irrigation was given. Due to light showers 
good germination was secured. Dhaincha was hurried in again with kudali (pickaxes) after two 
months by taking little soil from the ridge portion. 

After 3| months the pachat layer was completely rotted and it added organic manure to the; 
soil. Partial earthing up was given after five months and complete earthing up was given when 
the canes developed three internodes. Very light irrigation was given throughout ; 225 Ib. of Nitrogen 
was given by the time of earthing. This was the first successful crop in such highly alkaline soil. 
Result of mm outturns in saline alkali {highly alkali) , soils 
Date of plantation ; 20 August 1940 ' 

Adaali can®. 

Date of Harvest : 10 January 1942 ^ 

Table XII 

Gane outturns in highly alkali soils ■ * - 


Roroentage 


Remarks 


Name of variet; 


sucrose 


16*89 The Experiment was 
16*61 conducted with 5 replicates 

16 44 
14*04 


Significance figure 15*06 

Out of GO varieties CO 417 gives signiftcantly greater yield than GO 419 variety. CO 426 is % 
runner up. ' CO 417 is a promising cane for saline alkali soils, while CO 419 variety, which gives good 
results in alkali soils up to 9-5 pH , gave poor results in strong alkali soils. Plate X, figures 1 and S 
shows the growth of different cane varieties after maturity. 


Outturns of 
cane in tons 
per acre 

Difference 
from 
CO 419 

Brix of 
juice 

35*88 

mi 

20*70 

54*93 

19*05 

20*14 

44*52 

8*64 

20*82 

48*45 

12*57 

17*82 ■ 


pH values 

[Percentage 

Ratio of 

In In 

Water N-KCI 

solution 

^ of 

soluble 
salt 

Replact- 

ablft 

Ca to 

Na and K.. 

10*02 7*56 

0.950 

.i-ao 

10*12 8*82 

1*200 

■' ■ 0*47. 

10*28 7*S2 

9*600 

.2*87 .' 

10*54 8*32 

0*900 

0*82 
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BHllt\tj it(Uirtur rj'pi'rhiu>)d in mixed i^aline mih 

As staunl ahovu early exjieriments -B’ere laid out with local cane Fundia which was a favourite 
cane with the t-ulfivators. 

The Ex])erinieiits were continued in four blocks serving as replicates with the following treatments 
randomised in each block. . 

( 1) lO/MJO lb. of Famviwd manuns 

(2) 20,000 ‘ „ 

(3) 30,000 ,,,, ,, 

(4) 40,000 „ „ 

(5) 30,000 „ 

There were 20 subplots measuring two gmithas each with a ring alrouiid. The|?H values of these 
plots were from 8-5 to 9-0 (B type), while average salt contents were 0*5 per cent. As stated above 
the local cane Piindia was tried from 1933 to 1935 and the tolerance study carried out by the write.!* 
thereafter threw^ much light on the crop growth and other varieties were immediately introduced. 

Planting was done on sides of furrows and with hands (instead of pressing with legs) to keep 
them in the first tw^o inches only so as to protect the eyebuds from excessive moisture in the initial 
stages. This method secured good and uniform germination. Artificial top dr^skg wae given 
in addition to farmyard manure. The artificial manure was given as under ; 


About six weediiigs were £iven, while 36 irrigations were given in all. Partial earthing up and 
full earthing up were given after four months and 6| to 7 months of planting. The m%st important 
point in irrigation was to give slow irrigation and see that there was thorough soaking of the soil and 
no free water wurs allowed to be kept in the furrows. The quantity of w:ater given in such soils was 
100 acre inches. 

The results of oiittvmis are given in Table XIIL 


manure exjjennients 


Serial 

Ho. 


Signifi 

cance 

figure. 


, ' ' Tiraa 

Manure ; 

Dose 

First dose 1 h u^onths after piantiug 

ry 

1 Ammonium sulphate and 

25 ib.per acre 


groundnut Cake. 

ft ff if 

Second dose 2 months , , , , . . 

1 Ammonium sulphate . . 

ff ff ff 

Third dose 4 months ,, ,, 

Groundnut cake . . . . 

a it ft 

Fourth dose 6 to 7 months ,, . » 

Castor Cake . . , , 

it it tt 


Description 

Treatments 

10 carts 
===10,000 lb 

20 carts 

3 0 carts 40 carts 

50 carts 

Lower area pH 8*10 {Pimdia 1933-34) 

38*44 

594)3 

54*35 

69-42 

79-09 

Middle areajjH 8-0 (Fundia 1934-36) 

20*67 

37*46 

40-20 

45*57 

51*28 

Middle area pH 8*5 (Fundia 1934-35) 

22'87 

27*97 

36*60 

38*54 

26-63 

Lowei" area 9-() (POJ 28 sugarcane 

39 23 

36-09 

41-72 

38-86 

41-71 

variety 1935-3()) 






Middle <area. H 9-0 /variety 2878 1936-37) 

32*89 

■ 38-66 

4M7 

35-83 

30-11 



; '-I '■• . vi: 






»\i*‘ '-“ 

MsSS»S|iWlftS#iSiS 


Tig. 2. Stand of difierent CO varieties as 
adsali crop in strong alkali soil. 
Left to right (1) CO 426, (2) CO 411, 
(3) CO 419, (4) CO 417 






Pig. 2. A bumper crop of dhaincha giem manure in 
upper Area of Baramati after leacbing 
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Oil referririg to .Table XllI, it will be seen that treatment, variation was sigiiilieaiit onlv* in two 
cases where the soil was of mixed saline type wdth pE 8-5 to 9*0. In the rest of the cases the treat- 
nieiit variation ' was not significant as the soil w^as of Cj type and farmyard itianiire alone failed to 
cause any response. . " ' 

The results on the whole, whether statistically significant or not are very instructive and, after 
consideration of all cases lead to the conckisioii that farmyard manure appears to have slightly iticreas- 
ing effects with. 10, to 30 carts. * . ' 

Subsequent doses of 40 to' 50 cartloads increased the outturn in good soil plots but reduced it 
in stiff soil plots, due to want of proper aeration necessary for humification. The results on the whole 
Kshow that in stiff alkali soil (jaH about 9-0), farmyard .manure alone is not significantly effective. 
Farmyard manure may be used to a maximum quantity of 30 cartloads per acre as may be justi- 
fiable economically but it is wasteful to use farmyard manure in excess of this (:|uantity. 

During 1938-39, CO 290 variety wau planted on 15 March 1938 and irrigations were given as 
usual. Treatment besides farmyard manure was given to see the relative eflicacy of each of the bulky 
manures. 


(1) Farmyard manure 

(2) Sheep manure . 

(3) Blank or no treatment 


Treatment 

IJosep&rmm 

... ... ... . ^ . 

30.000 lb. 

15.000 Jb. 


There were 20 subplots, measuring two gunthas each. The jyH values of these plots were cm 
an average above 8-5 while the salt contents were 1*1 per cent. 

The results of outturn were as under given in Table XIV. 

Table XIV 


The relative eficacy of bulky manures 


Treatment 

Block 1 

Block 2 

Block 3 - 

Block 4 

' Mean 

Blank or no treatment 



37*5 

34-2 

31-4 


. \3o-3 

Sheep manure . 

. 


41*2 

40-6 

35-3 ■' 

4'l-0.. 


Farmyard manure 



40-7 

46-3 

41*4 

48.-0' 

44*1 

Mean . . . 

, , 


39*8 

40-4 

3(]4) . 

42*0 

aw, 

Significant figure . . . 

. 


3-41 

. . 



' '39-0' 


The results show that farmyard manure stands first in the ex^riment. 

Experiments with chemical fertilizers 

In slightly still stiffer soils experiments were laid out with different doses of gypsum varying 
from 1 to 3 tons per acre. CO 290 variety of sugarcane was tried. The method of planting, weeding, 
and irrigation was just the same as described in the previous sugarcane experiments with bulky 
manures. Gypsum was applied in furrows along with farmyard manure. 

For statistical treatment yields of cane in tons per acre were taken into account in ail cases as 
this excluded errors due to crushing, etc. The subplots were of 3|- gunthuSy size excluding t ing of 
1| gunthas, the net experimental subplot was 2 gunthas. The experiments with doses of gypsum from 
1 to 3 tons per acre were laid out in randomised treatments in replicated plots. The results were 
examined statistically. The area being under reclamation soil variation was rapid and so random 
errors due to soil difference were high. Still five experiments out of eight gave significant results. 
These are summarised in Table XV, 



Table XV 

Yield of sugarcane with varying doses of gypsum and, other fertilizers 



MELD: EXEE.EIMBOTB'^0K BEOI^ABIATIOM- OF 



im 


It is seen iroxn Table XV tliai the outturn of cane increased with the closes of gypsoui^ and that 
the yields from. 2 to 3 tons treatments were always significant a-s compared to No TrmtiiieiitP. ^' 

. The outturn during the years 1938-39 to 1940-41, with other treatiiieiits besides gypsum show 
that vgypsum and .sulphur gave alternately good results. '■ " 

Soil' Improvefmnt m presence of rotational crops {Seasonal) 

Eesearcli in the laboratory and small plot experiments had shown tliat stiffness of the. soils ip 
the Experimental .Salt Lands at Baramati on the Nira Left Bank Canal was due to the. presence of 
sodium clay and for the recovery of soil tilth it was necessary to convert sodium clay Into calcium 
.clay by, base replacement: , Farmyard manure alone, though very essential, \vas not of much .use i.fi 
this respect. Several cane varieties, bulky and, chemical manures were tried on a large-scale in stiff, 
soil plots in presence of sugarcane crop to determine the dose adequate for such soils. This experi- 
ment was conducted in presence of seasonal crops to see the effect of intermittent irrigation on the 
alkali.so.il. 

Expcfwnmts ■ - . /’t 

Several soil improvers as detailed below were applied in plots 5b and oc in the salt lands where the 
soil was very stiff and no crop could grow hitherto. The following analytical data clearly show the 
nature of the soil in 1937 : 


Serial 

No. 

Test 

Percentage 

Remarks 

1 

Total soluble salts ... 

047 

•Alkali soil of Cj type 

2, 

pS. value . , . . . , ... 

040 



Capillary rise in distilled water in live hours 

2-50 eni. 


4 

Capillary rise in N Nad solution . . . . , 

17-00 „ 



The improvers were either used singly or in combination in small plots of 16|- ft. x 16|- ft. ^ . 
The whole experiment was subdivided into four sub-experiments, viz.: ’v 

1. Use , of calcium salts, • [ 

(1) Calcium carbonate i 

(2) Calcium sulphate (local produce 86 per cent purity) t 

„ (3) Calcium carbonate ; 

2. Use of sulphur and sheep manure used singly ^ ; 

3. Use of sulphur in combination with calcium salts, and farmyard manure i 

4. Use of sheep manure in combination with calcium salts and sulphur \ ^ 

5. Use of all improvers such as : ^ . . . * 

(1) Sheep manure 

(2) Farmyard Manure 

(3) Compost , 

(4) Calcium sulphate 

(5) Oil cake 

(6) Molasses ; 




||j{f CTK:J:MBIAH JOITBKAL 'OF ilGBI€TOTO»ill. ; " [A ¥11 

Tiie e^femnmt was eoiitiiiiit*d lor thrm years imm 1937 to 194-0. The mak-.featiires were as 
shown I>eIo\v : 

(I) The subplots (l>e<ls),.132 in number, were prepared in 1937. Soil samples were eoDectecl 
iVimi tliese plots in January, 1938. Treatments were added in the month of Febriiafy, 1938,. and. the 
erops of Nilwa and Khapla were sown in the months of July, 1938, and November, 1938,. respectively, 
and harvested in October, 1938, and March, 1939, respectively. 

■' (2) During the followang year in M<ay, 1939, the diSerent treatments were, repeated. " Doses 
in each treatnient are shown in the statement below. 

A crop of s/wlw was taken, soil samples were collected before- the aridition of treatnient aiid after 
the harvest of the crop. . ' , ■ ■ 

Remlis 

The outtfirnB show increased yields w'ith the following improvers used singly or in combinatioi-. 


■Si^ 

Treatments j 

Treatment yielding higlwet- r»tnfii» 

(I) 

, CWeiwas salts .■ . .. . ... ■ . . . ■ | 

CaSo* 

(2) 

Suiplmr in comhimition with calcium salts . * 

■OaCog + sulphur 

<3) 

Sheep manure -f caloium salts . . . . 

CaCP + sheep manure 

(4) 

Allimprovers . . . . . . . . . . 

Farmyard manure 


The soil data for the promising treatinent is summarised below in Table XVI, 

TableXVI 

Soil data for promising treatments 


Treatment. 


Before addition After harve.st Before addition After harvest 
of treatments of khapla of treatment of SJmtn 



Per- 
centage 
;pH of 

salt 

Per- 

eentage 

of 

salt 

jin 

Per- 

centage 

of 

salt 

j>B. 

Per- 

centage 

of 

salt 

CaSo4 .... 

8-31 

0*49 

8-35 0-51 

9-60 

0-35 

7-82 

0-37 

CaCoi4 sulphur 

8-4d 

0*64 

9-23 0-34 

9-53 

0-33 

8-00 

0-25 

CaCla-h sheep manure 

8-87 

0-23 

8-47 0*46 

9-76 

0-30 

8-64 

0-25 

Farmyard manure 

. . 8-79 

0-49 

9-26 0-28 

9-64 

0-32 

8-20 

0-20 


The application of the doses twice during the two season had caused lowering of pK value, and 
salt content and improvement of soil tilth, wliit h had resulted in a normal growth of shalu jowar 
as seen in Plate XI, fig 1. It was for the first time that normal crops were grown in these plots. 

Results 

In .I94.0-41 a second crop of shalu jcnmr was grown in n ' same area to note the residual effect 
of these treatments on soil as judged by crop growth. 

Kesults of outturn of shalu jowar for both the years are given for comparison in Table XVII, 





Ill] 


PIBLD EXPBBIMENTS ON EEOLAMATION OF SALT LANDS 


169 


Table XVII 


Yields of shalujowar crops in 56, 5e (1) in 1939-40, i.e. after the addition of soil improvers and 

(2) in 1940-41 after one year. 


Experi- 

ment 

No. 

Treatment 

Doses based on equal 
cost Rs. 75 |>er acre 

Shall! 

Crop with 
grains in 
1039-40 in 
lb. 

owa.r 

Crop with 
grains in . 
1940-41 in 
. ib. , 

Increase or 
decre.a.se , In 
yields in Ib. 


Single series of calcimn salts, sulphur mul sheep manure \ 



I 

Calciiiin chloride 

f . ton 

51'2- 

'.. ..40-0' 

'■ .■■'■—11*2 


„ sulphate . . . 

. 3 tons 

o6-6 

, 52-3 

—4.3 


„ carbonate . . 

W> 

49'0 

51-0 

-h-'-i) 


Sulx^hur . . 

i ton 

53-3 

56-3 

4-3-0 


Sheep manure 

. ?! tons 

52*1 ■ 

42-1 

— iO-0 


.. Blank . . .. . . . . . ' . 


42-0 

31*0 

/ ■— ll-o. 


Total . 

304*2 

272-7 


II 

Calcium salts in combmation unth snip 

Imr 




(A) (B) 

(A) (B) 





Sulphur -f CaSo^ . . 

. i i- i' ton 

44-0 

. 59*3 

+ 15-3 


>s 4" CaCog 

it -}- 1 ton 

63*0 

36*6 

— 26-4 


„ -1- CaCla . . . . 

i + i ton 

58*0 : 

68*3 

■4-10-3 


„ 4” farmyard manure 

. i -h 6 tons 

44*0 

47-0 

-:-3-o 


Sulphur. .. . , . . 

. i ton 

53*5 

40*3 

—13-0 


Blank . . . . . . 


45*3 

46*3'' 

+ 1-0 


Total 

307*6 

297*8 


Hi. 

Calcium salts 

in cornbination manure 




(A) (B) 

(A) (B) 



# 


Sheep manure -f- CaSo.j 

. . 3| -h IJ tons 

61*0 

73-1 

4-12-1 


Sheep manure 4- CaCog 

, 4* 1 tons 

^ 55-6 

54*1 

— 1-5 


Sheep manure 4- CaCa . 

3| H' i tons 

55-0 

58*5 

4-11*3 


„ „ -f- sulphur . 

3|: "h 1 tons 

55*6 . 

58*8 

4-3*0 


Blank . . 

• 

54*6 

48*5 

—6*1 


Total . 1 

■ .281-8 '■ 

300*G 


iV 

Single 

series of all improvers 





Sheep manure . 

. ntons 

. 45*8 

45*7 

—0-1 


Molasses . . . , . ^ 

. 55 maunds 

30-9 

44*3 

+4-4 


Farmyard manure 

. 12 maunds 

45-3 

42*0 

—3*3 


Compost . . . 

. 12 tons 

31-7 

30*3 

—1-4 


Calcium, sulphate . 

3 tons 

42*2 . 

34*7 

-7-5 


Oil cake 

. 17601b. 

31-2 

30*7 

-0-5 


Blank ...... 


40-0 

36*5 

■—3-5 


Total \\ 

276*1 

264*2 1 



Weight of fihalii Jowar is per plot of 16-J- ft. 

X J ft. 

Ex'periment 1 

It will be seen tliat excepting sulphur which gave slightly higher results, gypsum has retained its 
place. 

Experiment 11 ■ / 24 

Calcium chloride in combination with sulphur gave the highest yield instead of calcium carbonate 
and sulphur, as in the previous year. ■ Next to calcium chloride+sulphur, stood calcium sulphate-f" 
sulphur. Calcium carbonate+ sulphur although topped the list last year, gave the least yield during 
this year. 
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Experiment III ■ , ™ 

Calcium sulphate + sheep manure was the best treatment tor both the years. 

Exveriment IV , . ■ . , „ , 

Sheep manure stood first for both the years. The results obtamed with farmyard manui’e are 

only slightly lower than those with sheep manure. , . , , • . 

To summaiise, the results are on the whole much in favour of calcium sulphate as hitherto. 
Slight effect of sulphur with time was seen in Experiment I, but in Experiment II considerable lower- 
ing of the yield was observed. ^ . a-L 

In the case of Molasses an increase in yield was seen one year after the addition, bheep manure 
although promising can be replaced by farmyard manure ivhen the former is not available. 

Trial of Eotatimal Crops ditring cmd after reclamation ■ i i 

It is seen that sugarcane is the principal crop in the Deccan Canals and is remunerative both 
to the cultivators and the state. Hence after studying the different suitable varieties the next im- 
portant item to study was the suitable rotational crops to sugarcane. Different rotational crops 


of this locality are 


Serial 

No. 


Kind of oro]) 


Name of crop 


]\[onsoon ; June 
15 iSeptember 
15 iApril 


Fodder crop, seasonal crop of four months 
Fodder crop of four months . , . 


1 Nihvajowar 

2 Shalu jo'irar 


Fibre crop of four months 


Cotton 


detail by taking a number of soil samples up to 


Tolerance of some of these crops was studied in detail by taking a number of soil samples up to 
12 in depth at each graded growth of crop, pH values (electrometric), soluble salts and capillary rise 
were found out for soils at each graded growth. The results are interesting and are set out in Fig. 5. 
From this it will be seen that the order of tolerance of these crops is as under : 

(1) Nilwa, (2) Cotton &nd sJialu 

* Z\ i5*D| ^ i r r — -r — 1 


COTTON NIUWA- SHALU tJOWAR 

KHARVF WOI5 GRAIN S 

(rODDELR dOWAI?) FODDER 

Fio- 5* The relative resistance of various crops to saline or alkaline conditions 
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The c<mmarative outturns are given in the statement and conforms the statement of its toler- 


Bem.'mi fodder , ^ xt i t 

This is a valuable fodder and gives good outturns. The crop grows m sods up to value ot 
y-5 hut it fails with further increase of pH. It is however, sensitive to salt and it suffered badly at 

•l)‘50 per cent nait content b. 

MMize.and Imnd/i jbd^der ■ i i i* , • i • -i 

Thene are also very valuable fodders but are sensitive and are recommended for trial in soils 

wliere tiihra (fodder jomir) thrives very well. 


This is a useful crop for mi.xed .saline sods. It thrives well up to d-6-2 per cent salts and pH 
up to y-b ; with higher .salts, the growth is at once checked. 

Trial of gm o mamfrmg crops 

The most improtaut rotational cropping in sugarcane plantation is trial of green manures. Sunn 
areen manures {Croltakiria jwicea) is common on the Deccan Canals and grows luxuriantly. A 
very "ood crop weighs ;IO,dO(» lb. per acre. Its main drawback is its sensitivity to a little salinity 
or alkalinity. It is also frequently attacked by wilt and leaf diseases particularly in heavy deep sods. 
This was therefore replaced by another green manuring plant Seshama aculeata, locally known as 
dhainclia It is a hardy plant with green feathery leaves with pale yellow pea like flowers and very 
Iona pods The cultivated plant has a thick tap root which open.s up the sod and which has numerous 
■bia nodules visible on uprooting the plant. In the field, typical spots were selected side by side 
where Smn and dhaimha grew and weighments were taken at two spots just before green manuring 
with the following results : 


Survey No. 


Weight of green matter per acre in lb. 


Remarks 


.128 Baramati 


Dhnmcha 18,000 


Simn 8,600 


Average of four tests 


The above results establish the superiority of dhmneha over s-mm green manuring. 

Soil tests with dhaincha with graded growth were done and the results are given in Table 
XVIII along with crop conditions. 

Table XVIII 

Soil tests with dkaitieha with graded growth 
[— - ^ i _ j Capillary . ^ i I j 


Crop condition 


,1 Very goof.l . 
2 Oood 
$ . Medium 
4 Poor 


Height of 
crop 


7 ft. 6 in. 
.5 ft. 0 in. 
4 ft. 0 in. 
2 ft, 0 in. 


in cm. in 
5 hours 


Percentage 
of salt 


.Anna 

valuation 


14 to 15 
10 to 14 
6 to 10 
4 to 6 


Salt contents , . . 

The growth is very good even with high saltf„contents of Tot' per cent. It shows deterioration 

at 1-88 per cent. • , • ' 

Plate XI fig. 2 shows the excellent growth of dhainohi in Survey No. 348 of Baramati salt 
Lands. It was the first crop taken after flooding and leaching done in the previous season. 

The green weight of dhaincha, noted at the time of harvest, was recorded for varying salt contet 
in soil to*a depth of 6‘ in. The results are given in Table XIX. 



FIELB. EXPEElMBi’TS O'if SALT BAItBS 

; TABmKIX 

The green weight o/ • Dhmnefm for mrffing salt, -eo^i tents 


freeii: weiglil, 
of 4U-ne^ 
■'aere'in: 


The results fully bear out results given in Table XVIII 


Summary 

(1) Mixed saline soils after leaching of soluble salts were suitable for growing crops. Addition 

Experiment showed that 30,000 Ib. of farmyard manure 
pod results and high yields were obtained, from 40 to 50 tons of cane per acre. 

of this type, gave 86 tons of cane for CO 290 variety and 92*8 

This indirectly showed the potential capacity of the soil 
It will be seen that sugarcane plays an important part In the recla- 


of bulky manures were, however, necessary, 
or compost gave very g** 

An adsali crop, in a fully reclaimed area 
tons for POJ 2878 sugarcane varieties, 
after complete improvement, 
mation process. 

(2) Alkali soils of Cj type required addition of calcium fertilisers (or sulphur) in addition to farm- 
yard manure. Repeated treatments for three years at the time of planting completely restored such 
soils to their normal conditions. 

(3) Alkali soils of type required special treatment of farmyard manure with a basal dose of 
three tons of gypsum with a pachat (dry leaves of cane) layer over it, covered with soil. Simuh 
taneous green manuring with dhaincha was also advantageous. Planting was done in the buffer 
layer and the sugarcane crop was planted in monsoon (July or August). ^ This facilitated leaching 
of alkali salts. Proper humidity and special layer of padmt gave very good start and the growth 
was maintained till harvest. BmxGe adsali crop is recommended for improving highly alkaline soils. 

(4) Several varieties were tried in lands in process of reclamation and most promising ones were 
CO 290, CO 419, CO 417, and POJ 2878. Amongst the rotational crops, dhaincha succeeded very 
well. This was followed by varietal canes. After harvest cotton was dibbled. This crop improved 
the soil on account of its deep root system. Moreo ver cotton being an alkali resistant crop gave normal 
outturn and fetched a good revenue. 

(5) Amongst other perennial crops, shevari appeared to be very promising ; lucerne was next 
bo it. 

(6) Paddy was suitable for mixed saline soils, but did not thrive in stiff alkali soils of the Deccan, 
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,JYa.m6 of erop and descriptioii 

t 

•Salt content 
ill Oiri. layer 

;/)H Yalne, of 'i 
soil 

■Dha-'incha , 



i}'5 

8-52 . 

.Seed rate SO I'h. . . . . . . 



0*7 ' 

S-04 ' 

.'■Sown on lO-ii-SO 



t tidi 

!h00 

,Ha.rvested oi'i 19-8-39 ... . . , ■ 


. 

I. *5 

8-SO 

Three irrigations were giYert, in all . . 


. 

3-0 

8-BO 
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By JeTHANANB J. CHANB]S"AKl3I.Sa(A(lRr 

(Eeceived for publication on 1 March 1946) 

S OIL nioistiire is one of the predominating limiting factor in crop production. In most of the 
cases it m .the .laok^of moisture which alfects the yield of the crop, yet in some eases it is' the 
of moisture which causes water logged conditions which is responsihie liot onlv for the failure 
of t^® crop but also for accumulation of salts on the surface. In irrigated tracts i)oth these conditions 
Jikely to occur. ■ ' 

With the release of Barrage water very vast areas are brought under irrigation and investiga- 
tions were started to study the distribution of soil moisture and salts in the soli. 

object of this paper is to study the movement of soil moisture in salt free and saline soils in 
irrigated, cultiva,ted fields, its ultimate distribution and the depth and the rapidity of its penetra- 
tion when applied in different doses. 

This part deals with the soil moisture. 

The work has been carried out at the Agricultural Research Station, Sakrand. between 1930“ 
1935. ' 

Soils op Sind 

The soils of Sind are alluvial in origin, deep loamy and calcareous. A striking characteristic 
of these soils is the lack of uniformity over any distance, the surface soil varying so considerably 
from spot to spot that it has become proverbial. 

There is rarely a difference in colour between the soil and sub-soil except that due to moisture. 
The profile is undefined and structureless without any stratification. Sandy layers and layers of 
clay of various thickness alternate with each other and are often impregnated with various amounts- 
of salts. 

These soils are rich in potash and phosphoric acid content. The nitrogen content is low but the 
deficiency is counterbalanced by the high capacity of the soils for the fixation of atmospheric nitrogen 
and nitrification. 

The soils are poor in organic matters with low water holding capacity. The sub-soil water is 
struck at the depth of 20 to 30 ft. on the left bank of Indus \vhile at the right bank of Indus the sub- 
soil water level is much nearer to the surface. 

A study of the soil moisture under field conditions is no doubt a very complicated problem when 
one has to remember how complex the soil itself is and how many are the forces acting upon the soil 
moisture. The study of the soil moisture which is both diverse and intricate is for the purpose of 
investigation resolved into the following items : 

{a) Vertical movement of water as affected by different doses of water 
(6) Movement of water in cropped fields, and 

(c) Movement of water as affected by the presence of salts in the soil 
{u)-^Y.e^iical movement of water as affected by different doses of water 

To study the vertical movement of water, samples of soils up to depth of 6 to 10 ft. were collected 
from fields and moisture was determined in each sample before the supply of water and five days 
after the supply. 

’ Measured quantities of water were given to all the beds. Water was measured m a measuring 
tank anff brought to beds in pucca irrigation channels. 

The soil samples were collected from layers of 0-1 ft., 1-2 ft., 2-3 ft., 3-4 ft., 4-5 ft., and 5-6 ft., 
samples were collected from three spots in a bed of l/40th of an acre to make one composite sample^ 
All the necessary precautions were taken while collecting samples for moisture studies. These 
samples were brought to the laboratory in glass bottles with screw caps. Moisture was determined 
in sample by heating 25 grm. of soil on an oven at 100-110'"C. and finding the loss. The loss is 
expressed as percentage on oven dry soil Some of the typical results are given in Table I. The 
nature of surface soil was loamy and of sub-soil was sandy loam. 
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Table 1 

Percentage of moisture in sai 


12 acre iiiciies 
fore I , ^ ^ After 

leiitage of moisture 


8 acre iuch.es 
Before ] Aj 
percentage of mois 


4 acre inches 
Before \ A 
percentage of mois 


Bose 


Before-Sampling before adciition ol wa* 
After — Samples taken five' days after tli 

acre inches of ^Tater were given in 
second dose was given after one day. 12-U iii. acre 
1 st day— 4-0 in. 

2nd day— 4-0 in. 

5th day — 4-0 in. . ■ . 

It n-illbe seen from the figures given in 

of water extends to 3 and 4 ft. ' 

When the application is 12 in 
(6) Movenieot of moisture vn cropped lands 
This has been studied with cotton crop, 
from year to year commencing from 1931 to 
total quantity of water applied each year was as 

(A) 46-5 ill. 

(B) 37-2 in. 

(C) 31-0 in. 

(D) 24-8 ill. - m 

Frequency of irrigation was as shown m Tat 


■ -u Table I that within five clays the dow 
wiiVn tie application of surface irrigation is 4 and 8 m 

the water goes beyond 6 ft. 


Frequency of irrigation 


I Initial Interval in days after the initial dose for subsequent irrigation 


irrigation in inches 


Treatment 


Figures in brackets show the quantity ox warer cip. 

Samples of soil were collected at tlie following stages ; 

(1) Before the initial dose, i.e, 9/5. 

(2) Five days after initial dose, f.e. 14/5, . 

(31 Before 1st irrigation, i,e. 16/6. 

(4) Before 7th irrigation. 

(5) After harvest in end December or beginning January, 
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Soil samples were collected from three spots in a bed to make a composite sample in layers of 
04 ft., 1-2 ft., 2-3 ft./34 ft., 4-5 ft., and 5-6 a 

Surface soil was loamy in nature and sub-soil was sandy Ioann 
Some of the typical results obtained are indicated in Table III. 


Table III 


Movement of moisture in soil 


Total aiaoiiiit 
of water 
in in. 
added in ■ 
form of 
irrigation 


It will be seen from the figures given in Table III that whatever be the initial dose, the amount 
water left in the soil is nearly constant and that the loss of water is mostly within first three feet 
iring the first 35 days. As the growth of the cotton plant during this period is negligible, the cotton 
int cannot be requiring all the water that is lost. It can therefore be deduced that the loss is 
)stlT by evaporation. Because the amount of water left in the soil is nearly constant in first three 
‘t in plots receiving 4-0 in. and 8-0 in., it could he said that the initial irrigation has little bearing 
dhe moisture content of the first three feet of soil and that the. evaporation is in direct proportion 

the dose of water given. . . 

As the crop grows, loss of water is seen up to a depth of 6 ft. This loss is mostly due to transpira- 
in as the fields are mostly shaded due to the growth of crop at this period. The amount of water 
t in the soil by mid-September up to the fifth foot in different irrigational treatments is nearly 
nstant. This indicates that loss of water by transpiration and evaporation is in direct proportion 

the amount of water added. q ^ ^ , q • • 4.- ■ •, 

Samples of soil collected at harvest time about three months after the last irrigation m mid- 
stober indicate that whatever be the amount of irrigation, the soil is left poorer in moisture at 

rvest as compared to their original state. ^ v . •, 4. . , 

Since the first three feet of soil are depleted of its moisture during the first 3o days and since 
th the higher soaking dose there is more loss of water due to evaporation, it becomes clear that it 
-X „ +,r. owe. a h eaw soakins dose before sowing in normal soils. 



Percentage of moisture 

At initial 

After 

Before 1st Before 7th 

At harvest Initial dose 

stage 

5 days 

irrigation irrigation 

time in in, ' 

5-8 - 

21-0 

7*2 , 3*5.. 

3*5 . S*0 


19*5 

8*5 4*0 

2*5 8*0 

4-0 

19*5 

8*0 4*0 

3*0 ^ 4*0 

4-0 

19*0 

8*0 4*5 

2*2 8*0 


18-0 

9*2 6*0 

2*0 8*0 

6*5 

16*5 

9*8 5*0 

4-0 4-0 

5*8 

15*2 

7*3 3*4 

■ 2*2 8*0 


15*8 

8-5 3-0 

■ 7*0 8*0 

1-5 

16*5 

9-2 0-2 

4-0 4-0 

5*5 

11*5 

9-5 4-0 

3-2 8-0 


' 8-5 

10-5 10-0 

3-0 8-0 

2-5 

13*2 

li -0 4-5 

4-0 4-0 

10-0 

11*5 

16-0 7-8 

9-3 8-0 


8*8 

11-0 120 

3-3 8-0 

1*2*0 

8*8 

12-6 10-4 

. 5'2 4-0 

16-5 

18*0 

19-6 12-8 

lO'S 8-0 


15*2 

18-0 2-5 

8-0 8-0 

91*2 

19-0 

20-8 20-8 

11-2 4-0 


17b 
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(c) Ri4(iiiee 'kioeement of water in salt free lands and saline soils 

The a hove was studied in cotton fields in saline and salt-free soils as 'well as in pots. • ,, 

Plots of land in salt-free and saline soil were made into uiiifo,rm size and measured amounts of 
water was leit in e*aeli lot. Moisture percentage was deteriiiined at regular intervals in both these 
soils wliicli were cropped with cotton. 

Surface and sid>-soil were mostly identical in both the cases. Samples were collected jip to 
dept-h of 5 ft, in layers of one feet each. Some of the typical results are given in Table IV., 

Table IY 

Movement of water in salt free lands and saline soils 


Pot mlture eocperimeMs 

Sodium chloride at 0*1, 0-2 and 0*3 per cent of the soil was mixed with sweet soil in soil free of 
salts. This soil was filled in enipty kerosene tins anc^ the moisture was brought to 25 per cent by the 
addition of water! 

A similar set of tins was prepared but wuth sodium sulphate at 0*6 per cent of the soil and all the 
tins were then weighed periodically and the amount of water lost recorded. After a time the moisture 
in all the tins was again brought up to 25 per cent* and the periodical determinatioh of losses was 
repea tcfl. Table V shows the results. 

■ ■ ■■ • Table V 

Theloss of water in sweet and saline soils 


Moisture percentage 


Total 

loss 


Treatjuent 


Total 

loss 


Control (Sweet soil) 
Sodium chloride — 
0-1 percent 
0*2 j>er cent 
0*3 per cent 
Sodium sulphate — 
0*G per cent 





Moisture ] 

;)ercentage 



Nature of soil 

Texture 



1 

Total 

.Salt percentage 



Initial 

After 

Afte r After 

loss 




After 

10 days 

20 da ys 25 days 





5 days 









0 — 1 fL layer 



Sweet soil loam 

4*0 

24*0 

14*5 

10*8 12*5 

11*5 

•05-~-10 

Saline soil loam 

8*0 

23*4 

18-9 

16*4 18*9 

4-5 

MO 





1 — 2 Ji, layer 



Sweet soil sandy loam , ' . 

1*7 

18*9 

14*5 

11*9 9*8 

9*1 

•05-0*10 

Saline soil loam 

7*8 

2o*l 

21*8 

21-8 21*2 

3*9 

1*30 





2 — 5 ft, layer 



Sweet soil loam 

3*1 

19*4 

15*2 

13*8 16*6 

2*8 ^ 

•05-10 

Saline sandy loam . 

13*6 

25*2 

25*2 

22*8 , 25*7 

mv 

1-20'" 


Ill] 
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It will be secB from the figures in Table IV that- there is more loss of wa.ter from sweet soil than 
saline soil.and. that the effect is more' marked in the first ’two feet of .the soil. 

Kesults of pot culture studies given in Table V have borne out the same concliision. Results 
in Table IV prove further that the loss of water varies inversely to the concentration of the salt. 

Jt will be seen from the figures in Tables IV and V that in a given time sweet soil, is left poorer 
in moisture than saline soils. Though there is more moisture in saline soils yet plants can not 
make use of it as it is not free to be lost. It can therefore be concluded that in identical conditions, . 
more frequent water wmuld be necessary in saline soils' than in sweet soil to give identical normal 
crops. 

Summary 

The more is the application of water on the surface more is the downward inovenient of water 
in the soil. 

During the first 35 days of the growth of cotton water is lost mostly by evaporation. 

The evaporation is in direct proportion to the amount of water applied on the surface. 

The water that is lost during the growing period of cotton by transpiration is in direct proportion 
to the amount of water applied. 

Whatever be the amount of irrigation, the soil is left poorer in the moisture than the original 
state at the harvest time. 

The presence of salts affect the loss of water from the soil due to evaporation and transpiratiom 

The loss of water is inversely proportional to the amount of salt. 

Under identical conditions it is necessary to give more frequent irrigations to saline soils than 
to sweet soils to get identical normal crop. 

The above work was conducted at Agricultural Research Station, Sakrand, under the guidance of 
the Agricultural Chemist and Soil Physicist, Agricultural Research Station Sakrand. 
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STUDY OF xMOVEMENT OF WATER AND SALTS IN SOILS AT THE 
AGRICmTURAL RESEARCH STATION, SAKRANl)---!! 

By Jethana^^d J. Chanbani, M.So, (AaRi.) 

(Received for publication on 1 March 1946) 

1 1” Part. I Bf this paper movement of moisture has been described. . This part deals with the 
movement of salts. ' . . 

It is a. f'act that one can hardly find an acre of land in Sind free from kalar patitn Beside ti«Lse 
'■-IMjtclies of kalar one comes across .vast stretches of kalar lands in Sind. It was thoit^Iit necessary 
to study the movement of,, salts that constitute kalar in soils. Kalar lands of Sind contain mostly 
salts of sodium chloride and sodium sulphate and sometimes 'chlorides of caJcinm and inagiiesiurro 
^ Special feature of kalar soils of Sind is the absence of sod'iiim carbonate a.nd presence of 'calcium, 
sulphate. 

The typical composition of kahn* is given below : 



1 

Total : 

1 

On 

f 

j 

1 so. : 

1 Cl . 

Place 

. .soluble 
salts 

per* j 
centage 

per- i 
1 eentage | 

: per- 
centage' 

Left bank of Indus . . . 

:i-40 

0*31 

1 

1-4 i 

0‘81 

Right, bank of Indus . . . . . . . . . . 

5 *50 

054 

L68 i 

2-2 


When water is applied to the soil the soluble salts, which are present in the soil, are dissolved 
and they move in all directions with water. They move downwards when there is a large quantity 
of water which percolates down. They come up to the surface by capillarity wiien the water is lost 
either by evaporation or transpiration. They also move horizontally and convert good lands into 
bad lands. It was therefore thought necessary to study the movement of salts in detail, as the know- 
ledge of the movement of salts would be a great help in reclamation of saline soils. 

Study of movement of salts for the purpose of investigation w’-as resolved into the following 
items-: .. . 

(1) Vertical movement of salts, 

(2) Rise of salts by capillarity, and 

(3) Bateral movement of salts. 


Vertical . MOVEMENT -OF SALTS 

■ I.n series of plots different .quantities of water w^ere applied at the surface to see the effect of 
different doses of water on the downward movement of salts. 

samples were collected before and after the application of water up to a depth of 4 ft. in 
layers of 1 ft, each. Samples were collected from five spots to make a composite sample. 

The nature of surface and sub-soil was nearly identical. The physical texture of the area under 
investigation w^as as under 



Sand 

Salt 1 

Cky 

26*0 per cent. 

42-0 percent. 

17*0 per cent. 

24*0 „ 

48-0 „ 

17*0 1 
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The qiiaiititiei* (tf water and the system in which water was applied are showii in Table I. 

Table I 

The quantity of water and hoiv it wm applied 


Quantity of water 
in in. 




■ I All in on© dose 

12*0 6*0 in. once 

6*0 in. afterwards on the third day 
24-0 8-0 in. / 1 ^ 

32-0 8'0 in. ^ 


Some of the typical results are given in Ta-ble II. ' 

Table II 

The vertical downward movernmt of salt as a result qf irrigation 


Layer 

Percentage of total Soluble salts 

Before application | 5 days after applica- 
of water tion of water 

Quantity of wate.r 
applied in in.., 

0—1 , . . .. , » . • . , . ■ 

2*0 

1*8 

. 0*0 ' . . 

CL-I ^ ' 

2«1 

1*8' 

„.8*0 

. . .. ..... 

1*3 

1*2 

12*0. 

0—1 . . 

1*7 

1*0 

24-0 

. » , » • 

1*3 

0*5 

■32*0 

1—2" ■ » 

. 1*0 

1-3 

6*0 . 

i— 2 .. , , . . . 

1*1 

0*8 

8*0 ,. 

1—2 •. . - . . • ^ 

1*3 

0*8 

120 

1—2 " . ' - ■ •' » » • * 1 

0*9 

0*7 

24*0 

■1—2 . ' . , . 

1*1 

0*7 

32*0 

2— S ■ » » » • - 

0*2 

0*5 

6*0 

2— a . . ..... 

1*2 

0-- 

8-0 

■2— 2' . • . - . . ' . 

0*5 

0*46 

. 12*0 

t— , . . . ■ ... 

0*6 

0*6 

. 24*0 ' 

. ■ - ..... . .. ■ > . *, .■ . 

1*2 ■ 

0*8 

32*0 

3—4 . . » . . " . * . » . 

0*5 

I 0*5 

6*0 

.a— 4' ■■■. *■ - ' - « ' .-■ • ' 

0*9 

i 0*6 

8*0 

1—4 . . • . . , y:>. ^ . 

0*96 

1 ' 0*3. 

12*0 

S— 4 ' . ' .•'.■.*■ * ... . • • 

0*7 

0*7 

24*0.' ■""■ 


0*6 

0*6 

'■■ ■•■32*0" ^ ' 

Figures in Table II indicate that the greater is the amount of water applied at the surface, 


the greater is the vertical downwards movement of salts. This indicates that in saline soils higher 
initial doses are beneficial to leach out salts from the surface and make the surface fit enough to 
carry normal crops. 

Samples of moisture were taken up to a depth of 11 ft. in plots getting higher initial doses and it 
was observed there was no accumulation of water in the substrata. Readings of sub*soil water level 
in some of these plots showed that the sub-soil water level was not affected by the application of as 
high a dose as S2*0 in. 

It was further observed that the movement of the chief sodium salts found in soil, vk. sodium 
chloride and sodium sulphate, is not the same with the same quantity of water. Results given in 
Table III belo^’^ show the relative movement of sodium salts. 
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Table III 

The relatke ammmts of sodium salt, 


Percentage of sa’ts 


and eYeii in upward direction it is Bodium chloride which comes up quicker than sodiuiTi sulphate* 
This plienomenon has been studied by many workers all over the world. 

King [1904] says that the sodium sulphate is absorbed by the soil 'while 'sodium chloride is not. 
Headden [1903, 1918] also is of like opinion. According to Warrington, [19(M>]' soil has a slight 
retentive power for the acid radical of sujphate but none for nitrates, chlorides and carbonates. 

Ciowtiier and Basu [1931] found that nonovalent radicals rise by capillarity to the surface faster 
than divalent radicals. The phenomenon observed here agrees with the findings of research, workers 
in the 'various parts of the world. ... . , 

Upward MOVEMEOTS OF SALTS 

It is a coinmon .observ'ation that the salts do come up to the.-, surface by; capillarity.. In the 
present case such movement of salts 'within first 6 ft. was studdied at regular interval of 30 days in 
plats cropped with cotton and plots left fallow. Both these plots got the sa..me a'liiount of irrigation 
the same time. Some of the typical results are given in Table IV. 


Table TV 

Upwm'd movement of salts 


taj'er w 

i ft. Original 

After leacliing of 32*0 in. of water | 

After 

cotton liana^st I 

[8 !ao.iitlw| ' 

1 

NaCl ’ 

t 

i 

NaCl 

■'4 

5 


.YaOl ■; 

0 -1 

! 

N»sSO. 

#—■1 

0-6 

1-1 

0-06 1 

0-8 


0-22 ' ■ 1 


0-6 

#— 1 


o*t* 

(>oii> ! 

0-2 


0*08 


0-3 

a— 

, 1 0*26 

0-80 

0-030 i 

0-65 


0-13 i 


O-o, 

#-1 

. i 0*15 

1 

0-50 

0-045 ! 

1 

0-30 


0-24 1 

! 


0-5 

Figu 

res given in Table ] 

[II show that the sodium chloride is leaclied 

. out 

prior to sodi'iini sulphate? 



Percentge of total sohible salts 


Initial 

After 30 days 

After 60 days After 90 days | 

After 120 days 




Cropped plots 

1 


6—12 ■ „ , . . 

12—24 , ' . '. 

24.^2 . 

42-40 .... 

, V 

■'14- -- 

1-1 

DO 

0-7 

. . ,.0-6 , 

0-7 

1-3 

0-8 

-0-7' 

0-6 

0-6 

0-7 

1-i 

1-0 

0-8 

0-6 
' ■ 0-9 ■ 

0-8 ' 

1-3 1 

0-7 

0*6 i 

0-6 

0-5 

0-7 

i-i 

0-6 

0-7 

0-S 

0-5 

0*7 




Fallow plots 



a— 4' ,, . » , 

6— *12 ; .. » . « . , • 
.... 

24-42 .... 

42-40 .... 

40-72 . . , * 

DO 

! ■ ■ h$ I 

0*8 

0*9 

14) 

1-4 

. 

i"^" . , ■■ ' , 1 

'.2*0' 

2-0 

L7 

0-9 

L4 

■ 1*5' ■ 

i-9 
■ .1-5 
- 1*2 

0-7 

0- 9 

1- 20 

i-6 

i-7 

1-5 

1-0 

0-6 

1-2 

14 

14 

M 

m 

0-8 

1-3 



Tiiere is a. well-known proverb in Sind that fallow, makes sweet land better and kaJar, lands weirs®*. 
This is borne out from figures given in Table IV. 

■ Since tlie process of accinnulat.ion of salts is reduced by cropping, it will be an advaiitageous and 
erionoinical propo^sition if kalar lands, once' brouglit under cultivation, are cropped coiitinuoiisly for 
some \ear8 till the salt coiite,n.t is reduced to such an.' extent as to permit plant g,rowth. 



■Latekal movemekt of salts 



Table V 


Thf^ prorerltire 

A pit 1| ft.xli ft. xH ft. was dug in sweet soil of sandy loam texture and the bottom of tie 
pit was cemented so as not to allow any water to percolate down from the bottom of the pit. Two 
trenches, A and B, 10 ft. long and ft. deep, were dug on the east and the south of the pit and 
at right angles to each other. The bottom of the ti'enches was then cemented and again filled with 
soil and rammed. The other two sides of the pit were left in natural condition. The pit was then 
filled with 0*5 per cent solution of commercial potassium chromate. After preliminary trials tlis 
salt was selected for the experiment for the following reasons : 

(1) Its absence in the soil 

(2) Its high solubility 

(3) Its low absorption by the soil 

(4) ItvS easy detection in the soil extract by qualitative analysis, and 

(5) Its yellow colour which helps to identify it as it travels further from the source. 

Potassium permanganate was also tried but it was considerably absorbed by the soil Jt was 
affected by the organic matter in the soil and its qualitative determination w^as not so easy* 

Constant level of solution was maintained in the pit by addition of fresh solution whenew 
required. At the intervals of a month, samples of soil up to 18 in. depth wwe taken along the 
cemented and undisturbed aides, at distances of one foot from the edge of the pit, and each of the 
samples was tested for potassium chromate. From the distances travelled and time taken to travel 
those distances, the rate and extent of lateral migration of the salt in the soil were arrived at. 


Lafeml migration of potassium ohrofnate 


\It' is'a common observat'ioii in Sind that strips of land stretching from either sides of the, canals 
and water courses become infested with salts in course of time and that lands when brought under 
irrigation develop kalar and become infertile. These phenomenon are obviously due to certain 
movements of salts in soil under the influence and help of irrigation water. 

It is known that salts freely move upwards and- downwards with the movement of water but the 
extent to \vhich salts move laterally is not definitely known. Experiments were conducted at the 
Agricultural Research Station, Sakmnd, to study if the salts move laterally and if so to deteriBine 
the rates of migration. 


Total distances iu ft. travelled in different sides Remarks 

from the edge of the pit 


A 

B 

C 

I) 


2'-' '■ 'i 

3 

2 ' : 

2 


3 

3 

3 

4 


3 

3 

1 ... , 5 ■ 

'0 

Rain fall 0*01 in. 

4 

4 

5 

..0 

,1*80 »9 . . 

6 

6 

6 

5 

„ 0*90 „ 

6 

6 

6 

■ 

6 



No. of days Bate of 
after start Sampling 


15 

46 

73 

121 

148 

170 


17-3.31 

17-4-31 

14-5-31 

■1-7-31 

29-7-31 

28-8-31 
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1% would be seen from the results given in Table V that salts move laterally aud that the lateral 
movement is greatest in, the .first two weeks. It then goes on decreasing till the 73rd day after which 
the movement of salts is very little. In sandy loam the average .movement of salts is 1. foot per month 
pro vided that there is a constant head of water. It is also observed that after period of six months, 
the lateral ■ 1110 veinent of salts is rather little. While attempting reci.l,amation by heavy doses , of 
water good lands should be vseparated from kalar lands by means of drain or any other device so t.hat 
salts do not move laterally from kalar lands to good land. 

SUMMASY 

The more water is applied on the surface, the more washing down of salts from the surface layer 
is effected. Application of 32*0 in. on the surface depletes the surface soils of soluble salts and makes 
it fit for generai cultivation. Of the injurious salts, the more injurious sodium chloride is washed 
down more quickly than the less injurious sodium sulphate. Salts once washed down come up to 
the surface, the more injurious sodium chloride comes up more quickly than the less injurious sodiun^ 
sulphate, but cropping retards the rise of salts. Saline soils shouIdAherefore be kept under continuous 
cropping during the process of reclamation. 

It is proved that the salts move laterally and the method of studying the lateral movement of 
salts is described. 

The above work was conducted at the Agricultural Research Station, Sakrand, between 1930" 
1935 under the guidance of the Agricultural Chemist and Soil Physicist, Agricultural Research 
Station, Sakrand. 
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CANNING TEIALS ON FEIJITS 

By Girdhaei Lal, Ph.D. {Loot.)> D.LC., Biocliemist, and Nagina LalJai.s, Al.Sc. (Tech.) 
Assistant Biochemist, Indian' Institute of Fruit Technology, Lyallpur 

(Received for publication on 21 March 1947) 


O UT of the factors responsible for the success of the fruit canning industry, production of a 
canned product of uniform high quality is very important. This can 1:^3 Archieved. by canning 
sound and fully ripe fruit of varieties best suited for the purpose. Since it is known that all varieties 
of a fruit are not suitable for canning, resort has to be made for ■ condiictiiig small scale carmin^g 
trials for the selection of varieties suitable for canning. Such trials are of vital, impoi.tance for a, 
successful venture in the canning line in our country, where literature regarding the suitability of 
different varieties of fruits for canning is scanty, 

... A good canning .variety of any fruit must have suitably firm texture and fu„lly developed 
characteristic aroma of the fruit, so that miiiiiniim change is effected in the real characteristics of 
the original fruit during the process of canning. Selection of varieties like early, late, etc. is also 
important from the point of view of spreading the canning season over as long a period, as possible. 
Among the fruits canned in California [Cruess, 1938], peaches, apricots and pears are most 
common, and a good deal of work has been done there in the way of selection of suitable canning 
varieties of these fruits. In India although a fairly large number of varieties (both local and imported) 
of various fruits are at present grown in different parts of the country , no systematic work has bo 
far been carried out for determining their canning quality, except at (Quetta [Siddappa, 1942], on 
the canning of apricots grown in Baluchistan, and at Lyallpiir [Lai Singh and Girdhari Lai, 1944], 
on canning of pears, growm in Kiilii (Punjab). It is hoped that the present article which deals w'itii 
the canning trials carried out in the Fruit Products Laboratories, Lyallpur, on the important com- 
mercial varieties of plum, peach, apricot and pear grown in the United Provinces [Saharanpur and 
Chaubattia (Kiimaon Hill) Circles], Kashmir and Punjab (Palampiir), will contribute to this end. 
This investigation was started in 1941, at the instance of the Supply Department (Governnmnt of- 
India), W'ith a view to select good canning varieties of these fruits, grown in different localities. 

Material 

FmiL The fruit used for canning should be fully ripe and must have developed, as much as 
possible, the characteristic tree ripe flavour ; but it should not be too soft and ovcT-ripe, as such 
fruit does not stand preparation and processing during canning. In most eases fruit is ])ickiMi at 
firm ripe ’ stage, when tlie colour has fully developed but before it acquires softness associated with 
the ripe dessert stage [Hirst and Adams, 1936], and, as far as possible, it is canned the same day. 
This requires the fruit to be quickly transported fimn the farm to the cannery. 

In the present investigation great difficulty was experienced in getting the fruit of uniform stage 
of ripeness. As the fruit had to lie transported o\Tr fairly long distances ; sonui of tlie consignments 
arrived in an unsatisfactory condition, i.e. the fruit wnis not uniformly rijie. Out of each consign- 
ment a fair proportion of fruit had to be rejected while selecting the right type of fruit for canning. 
It W'as clue to the facilities of coi<l storage available in these laboratories that the caiining trials were 
' possible. Hard but fully developed fruits'were allowed m eac| case to ripen in cold storage (tempera- 
ture 60-70"'F.) until these became- fit for canning. Due care was also taken in the final selection of 
fruits used in canning. 

Fourteen different varieties of plum,, ten of peach, five of ajiricot and three of pear were used in 
these trials. Nan.es of these varieties along with the source of their origin are given in Table I. 

General characteristics like colour, size, number of fruits per pound, etc. oJ* the different varieties, 

• which have been tested, are given in Table 11, which is selfrexplaiiatory. Peaiihes wmre mostly 
freestone type, most of the varieties being white fleshed. Plum varieties were red, purple, golden 
and. greenish, and of varying sizes. Apricots were yellow except one white variety, obtained locally 
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Fruit Varieties 


Loealifey 


Apricots 


Peaches 


Sihararipur (United Pro 
viuces) 

I)o» 

' "Do. . ■ ■ 


L Leconte 


(1) BidwilFs Early 

{Clings tone). 

(2) Country (freestone) 


Alii])ukhara: (plum) largo 

Ladak 

ilowc . 

Excelsior 
French Ked . 

Kelsey’s Japan 
Satsuma 
Yellow Prune 
Victoria 

Chahot . . 

vSatsuma 
^lerriposa 
Jefferson 


2. Williams' 

3. X’mas 


Kashmir 

Do. 

Do. 

Palam pur { Pun j ab) 


1. Large 

2. Small 


Quetta 


Ohaubattia (United Pro 
vinces) 


(4) Foster . . > 

(5) Red Kectarine 

(6) Alton (freestone) 

(7) Garmon (freestone) , 

(8) Fitzgerald (frees tone) 


(9) English gland (free- 
stone) 

(10) Princess of Wales 
(frees tone) 


5. Charmagaz 


Serial 

No. 


Name of variety 


i. Plums 

45^47 Small sized red plum 

J 4--.37 Small sized, texture rather hard; colour greenish yellow 
with reddish tinge 

30 Medium sized, rather hard, unripe and sour ; colour reddish 

yellow 

34 — 37 Small sized plum of straw yellow colour 

31 — 37 Small sized, rather hard and unripe ; colour greenish red 

32— 54 Small sized, lacking sweetness ; reddish colour 

(average 43) 

13 — 18 Fairly big size, very hard and perfectly raw ; green colour, 

(average 15) Did not mature completely and properly even in two 
weeks in cold storage, but acquired only slight yellowish- 
ness and softness 

18 — 19 Fair size, rather hard ; colour greenish to purplish crimson# 

Ripened to crimson colour in cold storage 


Table II 


Characteristics of the fresh f ruits 


Quetta (Baluchistan) 


]No. of fruits 

per lb. 


Alfa , . . , 

Ladak , . , . 

Howo . . • , 

Alubukhara (plum) Large 

Excelsior 

French red 

Kelsey’s J apaii 


Satsuma (Kashmir) . 


(prodiKT <d' Til California, Williams’ is the most common out_of pears, and yellow varieties 

Ilf apiii'uH aic jircfonvd to wliite ones. Plums used are of red varieties, but there is good demand 
for g;o|<lofi SI Imi. Peaches are generally yellow-coloured clingstone varieties, but recently interest 
luis l)(*en shown in the canning of ixtwstone varieties also [Mottern and Neubert, 1940 , and Caldwell 
and Culpepper, 1944]. 

Table I 


Physical chai'aoteris tics 
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Name of variety 


No. of fruits 
per Ib, 


Pbysieal oiiar.i 


Yellow Prune 


10 Victoria 


11 , Cliabot , 

12 Morriposa’ 

13 Satsuma (Palampur) 

14 Jefferson 


1 Bidwill’s Early 

2 Country 

3 Foster , 

4 Bed Nectarine 

5 Alton . 

6 Carmon 

*7 Fitzgerald 


8 Englishgland • 

9 Princes s of Wales 


10 I Quetta , 


1 Large Early 

2 Turkey . 

3 Charmagaz 

4 Large . 


14--15 
(average lo) 


13--.17 
(average 15) 
13—17 
(average 15) 


Fair size, rather hard, under ri|H« and sour; eolour dofip 
brownish. Ripened anri softened well hi eold storage 
1 and developed good taste 

Big size, skin tough ; colour of skin dark purplrn Mtjsli 
yellowish; taste astringent and sour. Flavour di<l not 
develop even after one we,ek in cold st.orogcj 
Fairly big size, good texture ; golden yellow colour with 
red flush on surface. Ahitured very woli in cold storage 
Big size, texiuro good; skin ratiicr dull roridish bsii ll«*sh 
of deep red colour, good qualify 
Fairly big size, texture good; rod colour, and gornl, general 
quality 

Ifairly big size, unripe ; ri{j6iied bo yoliowtsh (oilour in cold 
storage 


2. Peaches 

Average sized, white clingstone variety 

Average sized, freestone, pinkish green colour 

Average sized, freestone, texture not linn, golden ^ndlow 

colour 

6 — -7 Average shed, frees tono, pa,lo yolbwish green colour 

About 7 Average sized, freestone, ratfier greenish colour 

(5 — 7 • Average sized, freestone; yellowish colour with red flush, 

flesh pinkish. Deep depression at stalk end 
6 — 7 Average sized, freestone ; golden yellow colour with rod 

flush and mealy bloom on surface, flesh, pale yellow and 
slightly sour 

9—10 Small sized, freestone, rather unripe and hard ; pale yell )W 

colour with tinge of green and rod flush 
4—6 Fairly big sized, freestone ; pale yellowish green colour 

with pink flush. Stone cavity deep and of pink colour. 
Skin thick and tough, fiosh palo white and rather sour 
6 — 7 Medium sized, freestone ; yellow (ioloiir with red flush. 

Skin thin, free and tender ; flesh tender, very good aii<i 
of golden yellow colour 

3. Apricots 

About 20 { Average sized, freestone ; goklen yellow colour 

About 20 Average sized, freestone ; straw colouroil 

18 — 20 Average sized, freestone ; light pale yeUow colour 

About 9 Big sized, freestone ; goklen yoliow colour, fully ripe and 

rather soft 

25 — ^26 Small sized, clings tone ; golden yellow colour, fully ri])e 


1 Leconte 


2 Williams’ 


3 X-mas 


Fairly good size, greonish colour ; not quite soft and fully 
ripe ; lacking in s’weetness and flavour ; core very hard 
and stiff 

Normal size, bright yellow colour after ripening in cold 
storage and crimson flush on some fruits. Flesh sweet, 
creamy and Juicy, texture firm and flavour good 
Big sized, yellow colour with light pink flush on some fruits. 
Flesh rather crisp and dry and not creamy and juicy, 
lacking in flavour ; texture grainy and fibrous 


Cmhs. Fruit-lacquered and plain tin cans with sanitary double seams, are used in canning*. 
Lacquered ones are at present common for canning highly coloured fruits, since even traces of metal 
dissolved from the plain can wall by the action of the acid on the tin plate, will spoil the colour and 
appearance of the pack. Pears, apricots and peaches are little affected but blaekljerries, straw 
berries, etc, are easily spoilt [Osman and Jones, 1941], Both lacquered and plain tii) ('aus were, 
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i}im*efoT 4 \ iiscu] tor pliiiriBj jieaclies and apricois, in these tests to find out tlie difference in tlie beliavi- 
onr of these. IViVrs. liowever, were eanned only in- plain ■ cans ssince lacquered- ones axe known to 
sillier had!}' lioin pin holing due to the formation of hydrogen swells. The cans before use w(3re 
washed IhoianighI}' with hot water to remove zinc chloiicle and destroy l>acte!‘ia [Anon, 1937]. 

SH(jat\ Ordinarv white crystalline sugar as available in the market was used for preparing 
canning syrup required for experiments iiiuler this investigatioo. 

Methods 

Methods used in other countries for the cmninercial caainihg of plums, peaches, apricots and 
pears am iiighly standardized and have been described by Cruess| [1938] and Campbell [1937]. The 
same methods with slight modifications were, ill general, follow'ed throiighoiit the investigation. 
All the \'arieties of the same fruit were canned under similar conditions. Colour and general appear- 
ance of the fruit and tlie beginning of softness were used as indices of maturity. Grading w^as done 
by hand. Syrup used for the canning of each of the fruits was of the same coiicentration as used in 

the ‘fancy' grades commercially packed in California and eiesvvheiTy [Cruess, .1938] 

these w'ere canned ‘whole’, as usual, after washing them Ihoroiighly with water, in 
4if Brix syrup. Skin of the plums invariably bursts during canning [Anon, 1935]. This defect is 
claimed to he prevented by pricking the fruit with needles, prior to canning [Campbell, 1937]. This 
treatment was tried with some varieties but results were not very satisiactory as the skin even after 
rucking did show signs of cracking on subsequent exainination of the canned procfuct. 

Peaches. The fruits were halved by cutting round the suture line. Pits were removed wu'th 
special pitting spoons and halves placed in a wire gauze basket, were peeled by sub|ecting them 
to ihe action of a boiling 1-2 per cent lye solution for 25 to 40 seconds, in order to cauterize the skim 
These w^ere then washed thoroughly in running cold w^ater to remove the peels- and excess of lye. 
After rinsing in 0*35 per cent HCl solution, they were again washed, drained and immediately canned 
in 55"^ Brix sugar syrup. . . ^ 

Ajmcois. The fruits after washing were split into halves like peaches and canned in 56° Brix 
sugar syrup. 

Pears, The fruits were peeled by hand with a special guarded curved knife. The halves until 
canned were kept in 1*26 per cent common salt solution, to prevent browning. These were washed 
and canned in 40° Brix sugar syrup. ; 

Processing , — The cans as described under the heading ‘Material’ were filled with tlie fruit 
according to the usual standards. Hot sugar syrup (Table III ) was then added and tlie cans exhaust- 
ed in stationary kettles for small lots and in a continuous exhauster for bigger lots [Lai Singh and 
Girdhari Lai, i941]. These were then sealed immediately yvith a double seamer and sterilized in 
stationary cooking tanks, after wdiich they w’-ere cooled to avoid overcooking [Anon,' 1937]. Pears 
were cooled tlioriighly in iced water to prevent their turning pink, in the cam Tlie exhausting and 
processing times required in each ease are given in TableHI. 


Table III 

The density of canning synif y ami exhaust and processing times in canned fruits 


Fruit 

Size of can ' 

Density 
of syrup 
(Brix°) 

1 Exhaust in 

{rainutes) and 
temperature 

Proct*ssing 
times in 
minutes i 
|, at212.“F. 

.Ecrnarks' 

Plums .... 

A2 

40 

0 at 200°F 

10—12 

Cooled irC water to 100'^ P. and 

, 1 

API 

40 

8 at 200°F. 

J5--18 

1 tlien stacked 

Peaches .... 

A2 

55 

6 at 180— 190”P. 

20 

Water cooled to room tempera- 


An 

55 

10 at 180— 190°P. 

25 

: tiirc and then stacked 

Pears , . , , 

A 2 

40 

G at 180— 190“]?. 

25 

Chilled in iced water and then 


' A 2-1- 

40 

8 at 180—190“]?. 

30 

t) stacked . 

Apricots . 

, - A 2“ ' 

55 

6 at 180— 190“r. 

15 

^ .A.llowcil ty .cool gradually in 


' A 2\ 

55 

8 at 180— I0O“P. 

' 25 • 

I i ■ air-' 
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Cut OUT Examikation 

The canned products were examined periodically during a total storato period of* over two years'* 
jiceordiiig to,, the standard cut-out technique, of Hirst and Adams .[1932], This cofisisted of dcd.er- 
iniiiiiig the vaGuiim, gross weight, weight of contents and density of syrii]), noting the coridition of 
can, appearance of fruit and syrup, and testing the qua.ntity of the product regarding texture, 

j,)ieparation, taste and flavour, etc. ^ The fruit for this' purpose was examined by spreading it on a 
15 mesh sieve made of wire of about 0*016 in. diameter, and draining for five minutes. Jicsiilts 
of u. typical cut-oiit test of some of the varieties are presented in Table IV, 

. , Table IV 


Results of Cut-out tests of im fortmit varieties of plum ^ peach, aprieot amd pear, carried out dariinf storage 


\aciium ijiiierna] eonditioii 
ocean 

of Hg. 


Date Date Beserip- 

of of tioii of 5 

eamiing iiispeetion ean 


Cross 

AVt. 

(gHi.) 


Xame and variety 
of fruit 


Serial 

S"o. 


*\vnip 
deuivt-s 
iirix at 
Ob ■10) 


Plums 

1 Ahihul'hara (plxim) 11-6-41 
Large 


Heavy feai!ier,iiig 
of tin plate 


Lacquer somewhat 
corroded 


Heavy feathc-Tlng 
of tin plate 


Ladah 


2-0 Slight coiTOsiriii of 
lacquer 

8-0 Heavy feathering 
of tin plate 

f»-0 Lacquer not 
afiected 


:tb'<)4 


How'e 


60:i-8 


10-5 Heavy feathering 

and slight 
blackening of 
tin plate 

19-go Lacquer Intact . 

8-5, ■ Heavy feathering 
ami slight 
blac.kerinvg 


1018-0 


:o-yo 


SiiisiuTia {Kasliniir) 9-8-41 


lAcquer fairly 
tiorroded 


070-0 


10-0 Feathering of fin 
l*laf.e 


(i Vel!<AV Prutu- 


12-0 Lacquer intarfl 


880-0 


dod-i) 


1080-0 


7-0 Slight corrosion of 
lacquer 


Fair amount of 
feal.hering of tin 
plate, colour 
changed to steel 
grey 


Satsuiu! 

pur) 


Fair corrosion of 
lacquer, other- 
wise shining 


698-0 
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Tabre IV — contd. 

Emil In of Ciit-oiit tftsts of imjwmnt mrieties of plum, peach, aprieot and pear 

storage— Gontd. 


L—Laoqiierel cans 
Plain cans 


Appkarakce 


No. of 
fruits 
or pieces 


General ciuality, taste and 
tlavour 


Eemaeks 


Firmness 


Skin liurst, Koldeii yellow 
, colour, attractive appearance 


I'litto 


Ditto 


Skin and flesli somewhat 
hurst, attractive golden 
yellow colour 


Ditto 


Ditto 


B ather discoloured ( brownish) 
and not very attractive 
colour ; otherwise good 


Ditto 


Brownish colour, otherwise 
good 

Skin and ftesh somewhat 
hurst, attractive greenisli 
yellow' colour 


Ditto 


P'lesh and skin very good in 
eating although slightly 
hard ; rather lacking in 
sweetness, otherwise taste 
and tlavour good 

Ditto 


Bather hard 


Ditto 


Hcrial .Niuue and variety 
No. of fruit 

Date 

of 

ea ailing 

Date 

of 

inspection 

Descrip- 
tion of 
can 

■ Gross 
wt. 
(gm.) 

Yacimni 
in inches 
ofHg. 

Interual condition 
of can 

Total 

contents 

Drained : 
W't. of 
fruit 

Cut-out ' 
strength 
of 

syrup 
(degrees 
Brix at 
68°F.) 

U Merrifiosa . 

29-6-43 

10-5-44 

A2P 

6S8-0 

9-0 

P'air feathering, 
dark steel grey 
colour of tin 
plate 

583*0 

279*0 

, 

27*20 


1 


A2L 

70:h0 

15*0 

Slight coiTOsion of ^ 
lacquer 

597*0 

204'0 

27*26 

Peaches ' 










1(1 P’itzgerald . 

14-7-41 J 

,5-10-42 

A2|r 

1040*0 

10*0 

Fair feathering 
and hlackening 
of tin jilate 

907‘0 

492*5 

, ■ 32*12 





^ . 718-0' 

8*0 

Lacquer fairly 

corroded 

609*5 

337*5 

30*60 

1 1 ‘ Quetta * . 

23-8-4'! 

5-10-42 

A2P 

725*0 

12*0 

Fair feathering 

and hlackening 
of tin plate 

615*0 

379*5 

29*58 




A2^D 

1046*5 

0-0 

Lacquer corroded 
to a fair degree 

’ 916*5 

496*0 • 

29*58 

Apricots 










12 Gharmagasi 

7-6-41 

24-1-42 

A21D 

1068*0 

11*5 

Slight corrosion of 
the lacquer 

1 '924*5. 

407*5 

’ , 35*82 




A2P 

721*0 

12*5 

ireathering of tin 
plate . 

616*0 

273*0 

• 32 

Petm 










13 Williams . 

22-8-41 

4-4-42 

i 

! A2P 

702*0 

11*0 

1 

1 ■ ■ ■ 

Feathering of tin 
, plate 

507*0 

325*0 

29*56 
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Table JN—c&mli. 


JlesuUs of Gut-out tests of im [torlant varieties of plum, peach, apricot and pear, carried oat darniff 

storage - concM. 


Fo. of 
fruits 
or pieces 

APPEARANCE 

Firm{ics.s 

Genera! guahtyi taste and 

.ItEMAEKS 

Fruit 

Syrup 

flavour 


10 

Skin ratlier burst, fruit dis- 
coloured changing to dull 
brownish violet 

Dull violetish unattractive 
(folour ; otherwise fairly 
clear 

Ffiirly firm 

Ex(icpilug slight acidity, 

taste and, iiavour good ; 
flc.sli very good in eating 


10 

Skin somewhat cracked, colour 
better than above 

Fairly clear, bright deep red 
colour 

Ditto 

Ditt:.o 


22 

Skin, burst, edherwise good ; 
atfractive lu’ownish yellow 
colour, ft sh of bright yellow 
colour 

Dull pifiklsh cfolour, Otherwise 
fairly dear 

Quite firm 

Skin siighfly liard ntii(jwi-.f‘ 
gotid and jilca.-anf in uafiiur ; 
ilesh tery gnud. 'i’.t'.tr' and 
ftavmir veiy goiMl 

it ran uivp 

(-xcrliunt pro- 
dnrt if camif'd 
affer peeling 

'23 

Ditto 

Attractive, luight deep piiikisli 
Cfolour ; clear 

Ditto 

Bit: to 


13 

! SkiJ) removed, otherwise ap- 
})carancG good; attraclive 
golden yellow colour 

liather turbid, but colour 
attractive brownish yellow 

Slightiysoft , 

Eatimr (jiiaiify and toxturo 
very gMod, tjGte and llavmir 
cxcclh'ut 


11 

(food brownish violet tfolour, 
attractive appearance 

Fitirly clear, reddish colour . 

(foot! . 

Toxiure aii<l fte-h of fruit ami 
eating (lualily very good ; 
taste and fiavour very goof] 


10 

Cfood reddish colour, attrac- 
tive appearance 

(dear ; (ieep red colour 

Do. . 

Ditto 


7 

liather dull brownish colour, 
otherwise very good in 
appearance 

liather dull light pinkish 
t‘oiour ; fairly clear 

Fairly good 

Ditto 



Good attractive Iiright iu'own- 
ish colour and \ery good 
appearance 

lied coloured clear syrup 

Ditto 

l',fit:tO 


10 ! 

1 

Very good and attractive ap- 
pearacc, golden yellow 
colour 

Clear of liglit pale yellow | 
colour j 

Slightly hard . 

Exi’cpt for sliglit liard ness, 
flesli and eating (}uality 

very good. Taste and 
flavour very good 


8 

Ditto 

Ditto 

Ditto 

Ditto 


16 

pieces 

Very goexi attractive appciir- 
ance ; soft ripe fruit of deep 
orange yellow colour 

Except for slight suspended 
fruit particles, syrup clear 

Fairly good 

Flesh and eating quality very 
good ; taste and flavour 
very gocxl 


80 

pieces 

Ditto 

Ditto 

Ditto 

Ditto 


hiilves 

Condition of fruit very good ; 
halves of iuight attractive 
colour and appearance 

Fairly clear, light yellow colour 

Good . 

Skiuand tilsre somewhat hard, 

. good and jileasaiit in eating. 
Taste and flavour very good 
and natural 


30 

hfilves 

Ditto 

Ditto 

Do. . 

Ditto 


7 ■ 
iiHlves 

Very slight violet tinge in 
colour, appearance very good 
and attractive 

Fairly clear 

Bo. . 

Texture very good and soft, 
pleasant eating quality; 
flavour and taste very good 



Discussion of results 

As a result of the above cut-out examinations, the best canning varieties of the different fruits, 
viz. plums, peaches, apricots and pears, as reported in this article along with their places of origin, 
are given in Table V. 

Plum. As seen from Table V, varieties of plum like Alubukhara (plum) Large, Ladak,Howe, 
Kelsey’s Japan (United Provinces) ; Satsuma, Yellow prune (Kashmir) ; Chabot, Satsuraa, Merri- 
posa (Palampur), were found to be good canners. Out of these, Chabot, Satsuma and Yellow prune 
varieties gave comparatively the best product. Kelsey’s Japan would have given a very good 
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P'IthIiic'I-., bill it did not, since the fruit" was rather raw and never attained its MI maturity even 
«hiriii<r Htoraize, therefore reomining hard after canning with low sugar pcmetratioii ; yet in spite of 
lliese it vilified a. reasonably good product. For the same reaso,n.s. ' Victoria ’ variety did not yield 
a suitable canned product, although it is known to be a good canner [Hirst and Adams, 1936], . It 
is therefore presumed that if picked. at the right stage of maturity , it would yield a. canned product 
of good qiiaiity. 

Table V 


IJesS Canning varieties of plum, peach, apricot and pear 


Pruifc 

Varieties 

Place of origin 

1. Plum . . ■ . 

1. Aluhuhhara (plum) Large 

Saharaupur (United Provinces) 


2, Ladak ...... 

Ditto 


3. Howe . . .... 

Ditto 


4. Kelsey’s Japan . . . 

Ditto 


5. Satsuma. . . . . . 

Kaslimlr. 


6. Yellow Prune . 

Ditto 


7. Ohabot 

Paiampur (Punjab) 


8. Satsuma 

Ditto 


9. Mordposa . . . . 

1. ‘ Quetta 

Ditto 

2. Poacli ..... 

Kashmir 


2. Fitzgerald , . . . 

Chaubattia (United Provinces) 

2. Aprioofc ..... 

i. Oliarmagaz . .... 

Obtained locally (produce of Quetta , 
Baluchistan) 

4. Pear ..... 

i. Williams’ . , . . 

Kashmir 


Original colour of (*anned plums in all cases underwent marked adverse changes during storage. 
In general, (toiour retention was better in lacquered cans than in plain ones. Lacquered cans on 
the otlier hand suffered trom a fair degree of corrosion which subsequently caused pinholing and 
perf<;rations. This was first observed after about 7-9 months’ storage and continued to a varying 
degree in nine varieties out of the fourteen tried. It may be mentioned here that experiments which 
were exclusively carried out in these laboratories [Anon, 1942-43 and 1943-44] on the formation of 
hydrogen swells in different fruits, indicated that in a period of about two years’ storage, percentage 
spoilage due to hydrogen swell formation in the case of plums was to the extent of about 18-0 per 
cent. 

Spoilage due to pin-holing and hydrogen swell formation is directly connected with cracks 
produced in the lacquer coating during can reforming, however carefully it may be done. The 
latest technique of lacquering cans after fabrication (‘ post ’ or ' flush ’ lacquering), has been claimed 
by Hirst and Adajus [1939] to provide complete protection against hydrogen swells for about three 
years under normal conditions. In the absence of these 'flush lacquered’ cans, it would appear 
that colour and appearance of plums may have to be sacrificed by using plain cans instead of those 
lacquered in the ordinary manner, for packing this fruit for storage over more than six months. 

Peaches. Two yellow varieties, namely ' Quetta ’ and Fitzgerald proved to be the best eanners. 
Foster, and Red Nectarine were promising up to about four rnonths’ storage but deteriorated during 
subsequent storage. Plain as well as lacquered cans behaved almost similarly regarding appearance, 
taste, etc. of peaches. Product in lacquered cans suffered from hydrogen swells which ultimately 
caused pin-holing. This was observed after one year’s storage in only four varieties and to a lesser 
extent than in plums. In experiments exclusively conducted on hydrogen swell formation [Anon, 
1942-43 and 1943-44] spoilage due to this trouble was to the extent of about 4*0 per cent in about 
two years’ storage. 

Apricois. Only ' Oliaxmagaz ’ yielded a product of good quality, others became fairly mashy 
during canning and had an acidic taste. No difference was noticed in the general quality of the 
product packed in plain or lacquered cans. Plain cans showed a faiiiy high degree of feathering and 
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lacquered ones slight corrosion of lacquer which, was more pronounced in the yellow varieties. Fin- 
holing was observed in three varieties packed in lacquered cans, after about 17 riioiiths® storage. 

Pears. Only Williams' proved to be a good canner and gave a product of excellent texture^ 
flavour and taste ; other varieties lacked in these characteristics. This variety as grown in Kuhi 
valley (Punjab) has also been found to be a good canner by Lai Singh and Girdliari Lai [194L 1944]. 
It has also l3een reported by Hirst' and ildams [1936] to be an extensively canned variety of pear in 
California. 

SUMMABY 

Trials have been carried out on the canning of fourteen varieties of plum, ten of peach, :fi,veof 
apricot and. three of pear, growm in the United Provi.nces (Cha'ubattia and Saharanpur circles), 
Kashmir and the Punjab with a view to select good canning varieties of these fruits. Data on the 
physical characteristics of fruit of all the varieties such as size, colour, number of fruits per pounds 
etc., have been given. Behaviour of these in plain as well as laccjuered cans during a storage period 
of about two years has been discussed. Out of all the varieties, Alubukhara (plum) Large, Ladak, 
Howe, Kelsey's Japan (Saharanpur), Satsuma, Yellow prune (Kashmir), Chabot, Satsuma and 
Merriposa (Palampur) varieties of plum, ‘ Quetta ' (Kashmir) and Fitzgerald (Chaubattia) varieties 
of peach, Charmagaz ' (obtained locally produce of Quetta) variety of apricot and Williams' (Kashmir) 
variety of pear have been found to he good cannexs. The results of typical cut-out tests of all these 
varieties have also been given. 
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PLANT QUARANTINE NOTIFICATIONS 


Plant QtiamMine Notifimtim of the Government of Indian Department qf AgrieuUure, Bmem o/ Ffenf , 

Protection and Quarantines 


Notice No. 2 of 1946 


.Notifications of Foreign Quarantine' .Restrictions .received dining July "December, 1946 ., 

Tbe following Plant Quarantine Noti.fications have been received in. the Bureau. Those interest- 
ed are advised to apply for details to the Plant Protection Adviser to the Govornnient of India. 


1> plant— ’Quarantine Import Notific ations of the Dominion 
Republic ; B. E. P. Q. No. 398— Supplement No. 3, dated 
22M August, 1946, issued by the U. S. Dept, of Agri- 
culture. 


% Plant-Quarantine Import Notifications of the United 
Kingdom of Great Britain ; B. B. P. Q. No. 416, Supple- 
ment No. 2, dated 22nd August, 19i6, issued by the U. S. 
Dept, of Agriculture. 


Prohibitingymportation of tomato and Popper Seed into 
the -Dominion Republic without certificates of Disinfec- 
tion with mercury compounds to prevent the Introduction 
of the “ Bacterial Spot ’h 

Regarding restrictions of importation of Raw Cherriers 
into Scotland after 18th May from any country other 
than Belgium, Prance or the Netherlands to prevent the 
introduction of the Oherry Fruit Ply. A similar restric- 
tion has been placed by the Ministry of Agriculture and 
Fisheries in regard to the import of cherries into England 
walls after the 27th May, 1946 from France, according 
to the Int. Bull, of Plant Protection, Bom©# October, 
1946. 


Notifying a revision of regulations concerning citrus fruits 
potatoes, etc. 


Although Newfoundland has no plant quarantine regula- 
. tions, certification, is required with all importation of 
plants and seeds. , . . 

Oontains a summary of the piant-quaran tine import restric- 
tions* of the U. S. S. R. for the information of importers, 
etc. 


3, Plant— Quarantine Import Notification of the Union of 

South Africa B. B. P. Q. No. 47, Supplement No. 4, 
dated the 22nd August, 1946, issued by the U. S. Dept, 
of Agriculture, 

4, Plant— Quarantine Import Notifications of Newfoundland 
, . B. E. P. Q. No. 554, dated .22nd August 1946, issued 

by the U. S. Department of Agricutlure.. 

5, Plant— ’Quarantine Import Restrictions of the Union of 
“ • Soviet Socialist Republics ; B. E. P. Q. No. 425— Revised, 

dated the 26th August, 1946, issued by the U. S. Depart- 
ment of Agriculture, 

Plant— Quarantine Import Restrictions of the Republic 
of Venezuela, B. B. P. Q. No. 497— Revised, dated the 
30th August, 1946, issued by the U. S. Department of 
Agriculture. 

Plant — ’Quarantine Import Restrictions of the Republic 
of Uru^ay ; B. E. P. Q. No. 382— Sapplem jnt No. 

1— Revised, dated the 27th September, 1946, issued^by 
the U, S. Department of Agricidture. 

f. Plant— Quarantine Import Restrictions of the FreUoh This is a revision of the digest of the piant-quaran tine 
Zone of Morocco ; B. E, P. Q. No. 444, 2ad Revision ; import restrictions of the French Zone of Morocco for 
dated 4th November, 1946, issued by Jjhe U. S. A. the u^e of n irserymen, plant-quarantine offieiais and 
Department of Agriculture. . others. 




A digest of the piant-quaran tine import restriction 
Republic of Venezuela for the information of nurserymen, 
etc. 


7. 


Deals with revised restrictions on the importation of seed 
potatoes into Uruguay. _ ; 


The following notification pertaining to the period January to June 1946 was received too late 
for inclusion in Notice No. 1 of 1946. 


..9. Plant — ^Quarantine Import Restrictions of the Colony of A summary of the plant quarantine import restrictions .^ 
Mozambique; B. E. P. Q. No. 550, dated 23rd April, the Colony of Mozambique for the information of export- 
1046 ; issued by the U. S. A. Department of Agdoalture. era, nuberymoa, etc. 


Notification No. I\7-12I46‘-PP {Crops), dated the 17 ih February 1947 of the Government of India in the^ 

Department of Agriculture 


IT is hereby notified for general information that the following officers are authorised to inspect 
Rud grant health certificates in respect of plants or seeds intended for export to the United 
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Kingdom nnd otlier foreigu countries, the Governments of which require a. certificate of freedom 
from disease to accompany consignments of plants. 


Cmiral Government 


Baluclilstan 


Ajmer-Merwara . • • 

^ Coorg . * . * If' 1 :i ’■ 

Aadaflaans and Nicobar Isianci 


Bihar . 


Asiam - 
Madras . 

Bengal , 

United Provinces 


The North-West Frontier Province 
Central provinces and Berar . 


Sind 


Punjab 

©dssa 


T%aVancore 

Hyderabad 


Cochin . 
wsw * 

Baroda . 

Patiala 

Kashmere 


Officers 


(i) The Plant Protection Adviser to the Govern ent of India, Department 

of Agriculture, New Delhi. . . i t * 

(ii) The Imperial Entomologist, Indian Agricultural Rosearch Institute, 

(iii) The'Tmperiai Mycologist, Indian Agricultural Kesearoh Institute, New 

Delhi. 


Centrally Administered Areas 

(i) Entomologist. 

(ii) Mycologist. 

(i) Agricultural Officer, 

. Agricultural Officer. 

, Agricultural Officer, 


Provikces 


(i) 

(u) 

(1) 

(ii) 
(i^ 

(ri) 

(i) 

(ii) 
(i) 


(ii) 

(i) 

(i) 

(ii) 

(i) 

(ii) 

(i) 

(ii) 
(i) 


Indiak States 


(i; Director of Agriculture. 

(i) - Entomologist. 

(ii) Plant Pathologists 
Director of Agriculture. 

Director <>fAjticuiture and Bores te. 
Director of Agricuitere. 

Director of Agriculture. 
Cominie#C!*ier of Agriculture. 
Director of Agrieulfiire. 

Director of Agriculture. 


'M 

j 

:v. 


Entomologist, Department of Agriculture, Biimr. 

The Plant Pathologist to the Government of Bombay, Poona. 

The Agricultural Entomologist to the Government of Bombay/Poona, 
The Director of Agriculture, Assam. ^ ^ . 

The Director, Tea Experiment Station, Tockiai. 

The Entomologist to the Government of. Madras, Coimbatore. y 

The Mycologist to the Government of Madras, Coimbatore. 

The Entomologist to the Government of Bengal. 

The Mycologist to the Government of Bengal. • 

The Plant Pathologist to the Government of the United Provinces* 

TheJsSomologiet to the, Government of the United Province, Cawnporej, 
The Director of Agriculture.. . 

The Mycologist to the Government of Central Provinces and Berar. 
The Entomffiogist to the Government of Central Provinces and Betas. 
Mycologist, Agriculture College> Sakrand. ^ 

Entomologist, Agriculture College, Sakrand. 

Mycologist, Punjab Agricultural College, LyaUpur. 

Entomologist, Punjab AgriculTOral College, Lyallpur. 

The Director of Agrioiiltur©^ Drissa. 


The information regarding the arrangements made and the fee charged .. 

©ffictificabioE of, pfente. or- s^dfi. intended, fear enport to foreign counme^ should be obtained by h 
exporters froto the Ptovinciah or State Government concerned direct. 


MGIPC—M— 111-1-10—16-7-48—600. 


ORIGINAL ARTICLES 

EFFECT OF IRRIGATION AND GROWING RICE ON SALINE SOILS 

1. MANGANESE, NITROGEN AND PHOSPHATE STATUS OF SOIL 

By A. G. Asghab and C. L. Dhawan, Irrigation Research- Institute, Lahore (India) 

(Received for publication on 25 November 1946) 

Punjab being an agr^^ province its prosperity mainly depends upon the crops it can 

1 produce. Since the introduction of canal irrigation there has been a consklerable change in the 
I ^ soil and the fertility and crop yields have been affected adversely. 

i main characteristics of the soil of this area is its tendency to develop salinity, due 

to winch the land becomes unsuitable and uneconomical for cultivation. The deteriorated land 
locally known as thuf has a white incrustation and becomes loose and fluffy if sodium sulphate is 
present in excess and broken up at the surface if sodium chloride predominates. Vast area has thus 
_ gone out of cultivation which contains sodium salts evenly or unevenly distributed in the soil profile. 

1 Although this has mainly appeared in areas with high water-table still fields with low water-table 
^ have also been badly affected. 

, - The formation and reclamation of ihur lands by irrigation and paddy cultivation has been dealt 

I with by Mehta [1940], Taylor [1940] and the usual method of reclamation is summarized below : 

The fields are first levelled, wherever necessary, and the irrigation is commenced about the 16th 
April. ^ The water is allowed to stand 3*0 in. to 4*0 in. deep, for about two and a half months. Dur- 
ing this period it ha^s been observed that the conductivity of the water standing over the field falls 
j gradually. The field is then ploughed and the rice seedlings are transplanted. The general vara- 
bandi system in this province is worked weekly and 3*0 in. of irrigation is usually given on each turn. 

The total amount of water used for leaching and for growth of one rice crop is about seventy jnches. 

I The rice is harvested in the month of October, followed by a predetermined rotation of crops. 

It is evident that during the reclamation there would be a number of soil reactions taking place. 

: The fertility of the soil which depends upon various factors is an essential condition which must not 

deteriorate during reclamation processes. The present paper deals with the effect of reelam'Btion 
on the nutritive elements, ie., manganese, nitrogen and phosphorus. i 

Expebimental ‘ I 

(a) Saniplwg • i 

Soil samples were taken from three different villages on Upper Chenab Canal. The first sampling j 

f was done before reclamation. The place from where a sample was taken w^as marked by noting tie I 

^ perpendicular distances from the two adjoining boundaries of the field. The samples were taken by | 

; the help of soil auger which could make a bore of 3 in. and could be pushed into the soil by rotation. I 

Samples representing each foot were collected up to 2 ft. depth froin one acre area. After reclama- 
tion the sampling was repeated taking care that the spot selected was as near as possible from where 
^ the previous sample was collected. 

(b) Preparation of samples for analysis 

The soil samples were sun-dried, powdered, sieved through 2 mm. sieve and properly labelled, 
i (c) Analysis I 


The following is a brief description of the technique adopted for analysis : 

1. Manganese was determined by the Bismuthate method [Bulletin Imperial Bureau of Soil 
Science. 1937], 
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-> Thp Phosphates were extracted from soils by Trug method [1930] and Demges technique 
al elaLrated by Chapman [1932] was used , bo develop colour. The coloriinefcric com- 
parison was maL by Klett colorimeter against colours developed with standard phos- 

S. Nitiog^-Smiaed by Kj.ldahr, method modided by M [1925], Nitrate w» 

deter miaed by the usual official method of phenol-di-suIphoEic acid. 

Th. te»l« of Sie average value, for all the plot, before and after reelamat.on tor the iir,t and 
second foot are given in Table I. 


Table I 

The c^rmevahm of ^mnganese, nitrogen, nUrate and phosphate conUMs of soUs before and after reclame- 
' tion 


O—l. -0 ft. (First foot) 1 *0 ffc. ~2-0 ft. (2od foot) 


Before 

reclaoiafcion. 

After 

reclamation. 

Before 

reclamation. 

After 

reclam at i,OL 


20 

3*6 

3*2 

U-0 

15-9 

27*4 

15*6 


3*5 

'4*5 

1*8 

14-3 ^ 

12*6 

, ’ 15*0 

10*9 


■‘1 


Soil nu trioat 


1 ! MarigaBese confoatin m.e, per lOO gm^otsoifo ^1*0 15*Q 27 4 15-C 

2 Nitrogen content as nitrogen m miUigrams per 100 gm. of *^4: 0 " 

3 Nitrate content as dodium nitrate iu miHigrama per 100 5-3 3-5 4-5 1-S 

gm. of soil n /y ■ ... 14-3 12-6 * IS'O 10'8 

+ Phosphate content as PjO,, '1 ■ ' ' " ' 

Discussion 

Effect of reclamation on manganese content of soil 

' The average values of manganese content in m.e. per 100 gram of soil, in the first and second 
foot before and after reclamation are given in Table I. There is a decrease m manganese content of 
soil after reclamation which is more in the first foot than in the second. n w a 

In the soil, manganese is probably present in the form of dmxide or its hydrate Mn20-3 H.jO. 
Between pR values of 7 and 9 the manganese dioxide remains insoluble [Britton, 1929J. .During 
the process of leaching under the rice cultivation, carbon dioxide is produced in the root zone of tne 
Plante which not only increases the rate of percolation of water but reduces the pH ot the soil. It 
has b^n observed by Dastur and Kalyani [1934] that the pH value of the soil in the vicimty of the 
roots of the plant generally remains below 7. The ^iH value of the roots of the plant may be stil 
lower. According to the observation of Puri and Uppal [1938] the pH value of a soil is_decreased 
to about 5 in many cases depending upon the nature of soil and below 7 in all cases. Ihe pH of 
carbon-dioxide solution is about 4 and therefore the pH of the soil in a solution of carbon dioxide is 

bound to decroaso. ... i i • 

The manganese compound being more soluble below pR 7*0, the decrease m the manganese con - 
tent of the soil after reclamation can be easily explained. The water passing through sou on reaching 
the root zone dissolves carbon-dioxide in which the manganese compound is soluble and is leached 

out. 

Effect of reclamathon on nitrogen content of soil 

The average values of nitrogen and nitrate in'the first and second foot before and after reclama- 
tion are included in Table 1. The nitrogen content of the soil as well as nitrate show a- considerable 

decrease after reclamation. ^ _ . ■ . . , • 

A large amount of work has been done on the ab-sorption of nitrogen py rice plant by various 
workers. Nitrogen may be present in the form of ammonia or nitrate and the intake depends upon 
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tlie age of the plant.,: Kelley. [1911] and Trelease and Paulino [1920] hai^e shown that in the earlier 
stagesthe ammoniaoa,l mtrogen isabsorb6d while, in the .latter skges of the growth, the nitrate^ 
nitrogen is preferably taken up. ^ The loss 'of nitrogen from the soil bearing rice woiild'thiis be due to 
absorption by the plant in the first instance. ■ " ■ ' 

At Rothamstead [Russel, 1942] it .was observed .that a plot .kept under irrigation, but without 
any crop, lost nitrogen. The loss was found to be equal' to the nitrogen in the leachate, which wai 
25 lb. to 40 lb. per acre per annum. In the case of soil under crop the loss of nitrogen w^as less as the 
discharge of leachate decreased due to the absorption of moisture by the plants. It is estimated that 
after making an allowance for the absorption of nitrogen by the plants and its loss due to other agen- 
cies, the soil may lose about 70 per cent of the added quantity of nitrogen due to leaching only. 

De and Pain [1936] has pointed out that under water-logged conditions or if the soil is kept 
submerged under water for long periods the aerobic nitrogen fixing organism is totally destroyed. 
This is the condition in rice curtivation when the soil remains submerged for about two and a half 
months intermittently. 

Effect of redamMion on phosphate eonfmt of ihe.ioil 

The average values of phosphate content in p.p.m. as P^Og before and after reclamation are given 
in Table I. There is more decrease of phosphate content in the second foot than in the first foot. 

Carbon dioxide is known to play an important part in the reclamation of alkali soils [Puri and 
Puri, 1938 ; Puri and Uppal, 1938]. Puri and Asghar [1936] worked out the carbon dioxide method 
of phosphate determination which corresponds to natural conditions in the field. The pH valae of 
the solution of carbon dioxide is about 4. The carbon dioxide produced at the roots of the plant, 
therefore, plays the following role : — 

1. It lowers the pH value. 

2. It deflocculates the dispersed soil and increases the rate of percolation. 

3. It dissolves the available phosphates of the soil. 

4. It brings more of the exchangeable sodium of the soil into solution. 

The availability of phosphorus for rice plants depends upon the amount of soluble pliosphorus. 
It has been observed by Bartholomew [1930] that flooding of soils causes fixation of phosphorus and, 
as it becomes insoluble, its availability to plant decreases. Further that the rice soils generally do 
not respond to phosphatic manures. This observation was made in regions where irrigation water 
contained a high amount of basic material. 

The water used for reclamation of plots under discussion was taken from Upper Cheaab Canal, 
the analysis of which is given in Table 11. The water does not contain any aluminium or iron oxide. 
Hence the deficiency caused in the available phosphorus, cannot be attributed to the conversion of 
soluble phosphorus to insoluble one by heavy basic ions. Thus the depletion in phosphorus can 
only be explained as a result of the eftect of carbon dioxide produced by the roots of rice plants. 
This conclusion is supported by McGeorge [1933, 1935] who has pointed out that carbon dioxide is 
an important factor in governing the pH and solubility of phosphorus in the soils. 

Table II 

The results of analyses of the Upper Ghenab Ganal water {at GhichokUmlian) 

• {Ail values expressed in part per 10®) 

___ - — — ^ ^ ^ : , , — , , , 

1 Calcium sulphate . . . . . . . . . , . . , nU 

2 Calc iuai carbonate , . . . . . . . , ... ml 

Z Calcium bicarbonate (given as calcium carbonate) . . . . . . . . 10*00 

4 Galcmm chloride . , . . , . . ml 

5 Sodium sulphate . . . ... . . . , . . . 11-40 

6 Sodium carbonate . . , . . ... . . . . . ml 

7 Sodium bicarbonate (given as sodium carbonate) . . . . . . . 1«06 

8 Sodium chloride . . . . . . . . . . . . 2*92 

9 Toial . . , . %5-m 

10 Conductivity ........... . , i 275 
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Tie Punjab soils a.xe, geBerally light; , the clayey portion overlying a sandy stratum, in^ wMoh 
ihe water table is situated. ’ The depth, of clayey layer is difierent at different places. • The percola- 
tion of water is an easy process through snch profiles. The irrigation water passing through the root 
^one of the rice plant dissolves carbon dioxide and consequently the available phosphorus is decreased. 
As the success of reclamation process depends on a higher rate of percolation, this would be accompa- 
nied with a h%her rate of removal of available phosphorus. 

SuMMAB.y 

During the process of reclamation the soil loses very important nutrient elements like manganese, 
nitrogen and phosphorus. 

To maintain fertility it would be necessary to manure the soil after rice cultivation with a legu- 
minous crop which would supply requisite amount of these nutrients. 
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LEAF MID-RIB STRUCTURE OP SUGARCANE AS CORRELATED WITH 
RESISTANCE TO THE TOP-BORER {SCIRPOPHAGA XIVPLLA. F)* 

By J. Thuljaram Rao, M.A., M.So.j Sugarcane Breeding Station, Coimbatore 

(Recwed for j>ublication on 27 Febmary 1947) 

(With Plates XII to Xr?) 

A mong the borera wliich attache the Bugaxcane crop m India, the one which causes the greatest 
damage is the top-borer, Scirpophaga Nwella F. This pest is found in all the sugarcane growing 
parts of India. The loss caused by this borer is considerable, amounting to even 70 per cent of the 
crop at the time of harvest in bad cases. Canes attacked by this pest get dry and stunted and 'often 
? have a bunchy top owing to the upper side buds developing into branches h ^ Moreover, many of the 
young shoots are killed and prevented from growing into millable canes. During the time of harvest, 
millable canes attacked by this pest show an average loss of 20 per cent in weight. The canes axe 
i attacked even from the time the internodes begin to appear. 

i The adult is a moth wliicli lays eggs in masses covered with hairs on the sugarc'ane leaf. The 

' larvae hatching out of the eggs bite into the lower surface of the mid-rib of an * upper almost fuilv 

? unfurled leaf ’ a few inches aliove the base. Then they burrow into the mid-rih down to the base 

of the leaf where the leaf is in contact with the shoot and then bite their way into the shoot and kill 
t the main shoot. So the plant either completely perishes or develops side shoots and gets stunted in 
growdh. 

Review oe litebatube 

Very little work has been done on the subject relating to the hictors conducive to the resistance 
of a variety to the top-borer. 

Hazelhoff [1929, 1932] made a study of the hardness of the growing point or spindle of P.O,J, 
2878 and E.K, 28. He found the growing point of P.OJ. 2878 to be softer than that of B.K. 28,:' 
He expressed the belief that E.K. 28 is more resistant to the top-borer (Scripopficiga mirijlia sjcZI var. 
intacta Sn.) than P.OJ. 2878 because the growing point of 28 is harder than that of P.OJ. 
2878 and hence the new'ly hatched larva has greater diiiiculty in effecting entry into E.K. 28. He 
found the top-borer damage to be inversely correlated with, the moisture supply. 

Hard [1932] w^as of opinion that the resistance of a variety to top-borer depended upon the dry 
substance and hence hardness of the growing points. According to him, P.O./. 2878 is much pre- 
ferred by the top-borer Scirpopkiga emriflia zdt var. intacta Sn. to other varieties grown in the same 
field, because the growing point of this variety w^as more delicate and tender than that of others. He 
felt that the top-borer attack was inversely proportional to the dry substance content of the growing 
point. , ■ ’ ' ■ 

I Isaac [1939] after extensive field observations of cane shoots attacked by the top-borer, Scir- 

pophaga Nwella F., found that certain varieties of sugarcane are definitely more resistant to the pest 
than others. He was of opinion that the resistant varieties have strong and hard mid-ribs, whereas 
those wdiich are attacked possess weak mid-ribs as indicated by drooping leaves. ‘ If a larva cam 
not get into the one particular leaf out of the whole bunch of leaves, it perishes, and what is more im- 
portant is that, if this particular leaf Las a strong mid-rib, the larva is unable to pass into the mid-rib 
within a certain period from the time of hatching and it perishes for want of food and shelter.’ When 
one larva attacks a plant usually no other larva tries to get into the same plant afterwards. 

According to Isaac proof was also available from general observations in sugarcane tracts and 
from experimental cultivation of different varieties that few top-borers attack varieties of sugarcane 
like Co. 33], Co. 356, Co. 421, etc., wLith strong mid-ribs. Some varieties with weak mid-ribs like 
Co. 213, Co. 312, Co. 313, etc., are badly attacked and reduced to ' bunchy leafy grossy clumps 

* Part pf the thesis approved for the degree of Master of Science of the Madras University 
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Tliis oi..-!.^vvfi!i<,n uf fsaac naturally attracted attention and tlie pr.-aent study was uad.utak-cn 
•-uil. e. vk‘\\ io iiisiiny out whciliw tlicr <3 is any correlation between 1 be. rasisraiwe oi a vari.sy unU 

tlie Jiardiie-s of bs leaf luid-rib. 

UKN'IOKaL 'BEHmUPTlOK ■ 01?’ MIB-RIB ANATOMY 

Tin', anfitoni}' of tlic niid-vib in sugarcane is dealt with here in general, a.s it will facilitate projxir 

iiiuloiTl inHliiijz of Ilif wluilf' ]»iol>loni (Plate Xll, 1). • i t • i • * 4 . 

the upper and lower epidermis of the rnid-rib pos.sess a layer of cuticle winch is more prominent 
on I he lower epidormi.s. The upper epidermis is even whereas the siiriace ox the lover is cidgod. 
Insitle the lower epidermis there is a row of vascular bundle firrangevi panillel to eacn oinei. Eie 
vascular bumUeH are of three different sizes, small, medium and big. These bundles occupy positions 
i«‘iinst the. ridges of the epidermis. The bundle sheaths of these vascular bandle.s exiend o tm. 
eoidermi.A Between the vasularbundles, be.-, against the grooves are thm-walled mosophyll wlls 
contuininu eliloroplasts. Stomata are found only in the grooves. In some vanenes tnere mo .rosis 
of bristles lining the groove and pointing inwards. The size of the individual bundles awl the mituio 

of the sheath vary witli the varieties. , i 1 n 1 

Inside, this outer row of bundles, there is another iw of bigger bundles also ari;anged paml el 
to each other. The bundles comprising this row are of one size and bigger than the. handles ot tiie 
outer row. They are farther apart from one another than the bundles of the outer row. _ 

Immediately below the lower epidermis there are 3-4 layers ot sclerenchymatou.s cells. Ihm- 
walled cells of the ground tissue occupy the space between these layers and the seoonu rosv o, big 

It will he seen from tliis general anatomy of the mid-rib that the meohamcal tissues, viz. the vas- 
cular bundles with their bundle sheaths that give rigidity and hardness to tlie ™ 

the venlral (lower) side, the dorsal (upper) side being softer and consisting of mostly thm-walled cells. 
It is to he noticed lhat the iari’ae of the top- borer make their entry into the mul-nb by boring on the 
veritral aide which is harder tlian. the dorsal. This may he because the eggs are laid on the under 

surface of the leaf to protect them against natural enemies. . 

Material AND M 

Mid-rih material of resistant and siiseeptible varieties were obtained froni the Imperial Sugar- 
cane Breeding Station, Coimbatore, situated in Tropical India and also from its Sub-Station at Karnal 

(Pnniab) situated in the sub-tropics. They were pre.served in formalin-acetic-alcohol. I\herever 

possible mid-ribs having the bore made by the larva we.re_ studied. _ In other nncbribs WCTe 

obtained from the lowest almost unfurled leaf of the leaf spinel les, as it was known that the larva bores 
into the mid-rib in such loaves. The crop ivas five months old at the time of study, a time, at whum 

the attack of the pest is severe. The study ivas carried out for twm seasons. . , , ,,, 

Studies at the Sugarcane Sub-Station, Karnal (Punjab), to establish correlation between the 
counts of egg masses of the top-borer on the leaf of a variety and their reaction to the attack oi the 
pest have resulted in negative results. Plence in the present study no attempt has been made for 
investigations along those lines. i ^ • .1 ^ c- 1 

The figures for the percentage of dead hearts given m Table II wore obtained from Karnal as 
also the mtd-ribs of the varieties concerned. As stated before, the attack of this pest is severe only 
in North India. At Karnal only the popular canes are grown and as such the pereencage ot dead 
hearts could be obtained only for these varieties. Many of the other varieties for w hich the lignmca- 
tioii fio'ures are given and for which no percentage of dead hearts have been recorded are only grown 
at tlie1?uo'arcane Breeding Station, Coimbatore, where there is very little incidence of this pest. As 
such the perc entage of dead hearts could not be determined for tliein. But their nucl-iib sT.rueture was 
studied ill o.der lo I'acilitate selection of suitable parents for imparting a hard micl-nb to the progeny. 

' First to study the method of entry of the larva into the mid-rib, cross sections were taken through 
tlie centre of a punctui'e made by the borer. On examination it was found that the larva bites through 
a portion of the mid-rib containing 7-8 of the vascRfe bundles of the outer row. The average distance 





; verse section of leaf mid-rib of Co. 312 affected 
lie top borer showing the extent of damage to the 
lar tissues. 
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wliicli sopciicite tliG vascular ,buiidl6s of tli6' outer tow '- e von in very susijept iblc vai'iclics is ii<a !iiorc 
tlian 0-00 mm. Since the larva is more than half a millimetre in sixe, it camun p-iss into the niid-rih 
Ijeiween two iiei.dihonrinp^ I)iindies, i.e, throng!) the soft mcsophvli tissue. If musi Into flirounh a 
iiumbor or hunules to get into the mid-rib. In the photogra})]r(1da1e Xiff. hu’. is i-pnxiuced a 
cross section tin.ough the centre of a puncture made by the bor’er. Some imhi’ation is given of thc‘ 
number of Ijiindles eaten by such penetration. ■ . ' 

The tlticknoss and nature ot the bundle sheath sliouldj tlierorore. plar a pfoininent part in facili- 
tuting or cfiocking t he ontiy of Idje larva. Thus, if the sheath is well developed and its cells art‘ thick- 
walled, t lie mid-rib will be rendered hard and the larva will find it difficult to c^at its way t h rough. On 
the other liand if the biiiidle sheath is not well developed, the mid-rit> will be soft mid, the \'aiiety is 
liable to be attacked 'by the pest. ' - 

The number of vascular bundles alone may not be of great value in dclenniuiiig the degree- ol‘ 
resistance of a variety since ; tliougli their number per unit area may be large, thee .inaA^ Ijc verwsmall 
with a poorly developed bundle sheath. This is the case, in some of the suscepi ilile varieties. ! 

As lignifieation of tissues is an obvious factor in its liardness, the various resistant and sus(’e])tjl>Ic 
varieties were next examined for this character. At first eight varieties, four resistant and four sus- 
ceptiMe to the top-borer were taken up for study. Gross sections of the mid-rib wcie taken, stained in 
Safranin and Light green and permanent mounts made in Canada balsam. The total amount ol* 
]igni.fication per unit area of the mid-rib was calculated as follows. The number of ^'ascula^ bundle^ 
with the bundle sheath in one square millimetre of tlic mid-rib was drawn on: on a paper with the 
lieip of a camera lucida. The area of the bundles was measured with a This figuj’e 

does not give the actual amount of lignifieation, as difference ivS noticed among the wo'ieties in the 
thickness of the bundle sheath cells. So the area of the cavities or lumens (u* the ccdis in (mo square 
millimetre of the mid-rib was worked out. The total amount of lignifieation was obtained bv finding 
the difference between the total urea of the vascular bundles and the t{dal area of the cavili’cc. of the 
sheath cells. The figures worked out brought out a distinct correlation I.H!twecn the two characters. 
All the four resistant varieties liad a more lignificd and better developed bundle shc,aJ li than in ilie 
four susceptiblie varieties (Plate XlII). 

To find out whether there are any other anatomical factors correlated with th <3 resistance of a 
variety, the following characters were also studied : 

(1) The number of cork and silica cells per unit area of the lower e|>i<icrrnis of the mid-rib. 

This cliaracter is of some importam^e since cenic . and silica cells contribute to the 

hardness of the mid-rib. , 

(2) The number of bristles per unit area of the lower epidermis of the mid-rib. 

The more the number of bristles the less may be the cham c of tiie larva attacking the 
variety since the bristles will <iffer resistance. 

Peelings of the epiclermis were taken hy the method adopted by Artschwager [i0‘30]. They 
were stained in chloro-iodide of zinc and the number of cork cells, silica colls and }>ristles per unit grea 
calculated. 

The amount of ligiiilication in the mid-rib has been worked out for about fifi r varieties. These 
include the different species of Socchamni, viz. 8. offlcinarnm, B. S. Barheri, S. sinense 

and 8. rohustum and interspecific and intergeneric hybiids between Siwcliamm and other general. 


' ^ ■ 0.BS.SR:VATI0N8 

Table I gives the list of varieties and the amount of lignifieation for 100 sq. cm. of the mid-rib. 

Absolutely according with the observation that the resistance of a \'ariety depends on the inten- 
sity of lignifieation of the mid-]'ih, the examination of the flata on the pcoc.utiige of attack of the 
top-l)orei‘ lia,s sltown that there is correhition between tlie degree of resistance of a variety a, ml the 
amount of lignifieation in the mid-rib. 

The figures in Table II demonstrate the illation between the lignificaiion oi‘ the mid-rib and 
top-borer infestation in the varieties for which the percentage of dead hearts are available, 
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Table I 


Lisl. of Kimirane rarkiics with the amount of lifjmficaiion in 
■’ mid-nb 


tlieif niid-tihs pcf 100 s(^. cm. of the a/tca oj 


No] 

K-uiie of variety 

Amount of 
Hgnlfication i.i 
sq, cm. 


BaCCHABUM OFfICINAKtTM 

20-277± 0-052S 

1 

Kahidai Bontlmn ..»•••*** ... 

18-662±0-0491 

'2 

iA 74 . . • • • • * ... 

17-272±0-0935 


Vtllai . . * • • ‘ * ‘ ■ * * ... 

16-928±0-0725 

"4 

Blacl^ Cherihon * . , 

16-917±0-0274 

5 

Gremi'^iort . • • • • * ‘ * * ... 

16-4()Si;0-0315 

() 

Striped ^ , 

12-527i;0-0794 

7 





SaCCHABUBI !5P0NTAKEUM 

13-123±0-092C 

1 

^S^ t^oirnbatort' • • * • • • * ' ^ ... 

9-912±0-0524 

2 

S, 8po7it(iMtim, fJavJi . • V* 



SACCHARUMt BaBBEBI 

10-372^:0*0721 

1 

CIminee ...••• . . • ... 

10-012i:0*0675 

2 

Saretha . . . * • * * * ' ' * ’ . 

9-312± 0-0824 

n 

’ 

9-3H±0-0«28 

4 

• • • • ^ ^ ^ ^ 

9-279 ±0*0070 

5 

Nargori 

9-112±0-0820 

6 

Sunnahile. 



BaCCHARUBI 8INEBSJ3 

10*155±0*0728 

1 

Oha, ...... • * • • * ■ 

11*212±0*0825 

2 

Fansahi 



SaGCHABOM BOBUSTTJM 

14-011 ±0-0529 

1 

N.a,2oI . . . • • • • • • ’ ' * 



lEIANTHUS ABBNDINA' EITBI 

. 13-8(52±0-0728 

1 

Olongong * 



Hybbids 

14-315±0-0(>7S 

1 

* * * * 

10-525± 0-0565 

2 ' 

Co. . * ‘ ' * ' 

10-728±0-0666 

3 

’ • • ‘ ' ‘ * 

9-82r>±0-0526 

4 

00,229 - ■ • • * . ‘ V., * : 

15-725±0-0783 


Co. 244 

18-674±0-0782 

a 

Co, . . . . • ‘ • ' ' ‘ 

9-763+0-0594 

. 7. 

Co, 201 ... , . V » ■' ’ ■ •' , 

12-822+0-0815 

8 

00.292 

10-010+ 0-0357 

9 

* 

10-414+0-0685 

10 

Co, 

12-624+0-0578 

11 

Co. 

20-010+ 0-0625 

12 

Co,331,^*^-^'‘- 

19-121+0-0545 

13 

Co, 356 * * ‘ ’. *. 

10-218+0-0279 

14 

• Oo. 385 ' , * ■ * * . * * 

19-128+0-0712 

15 

\ Co. 395 * 

10-107+0-0527 

U 

\ Go. 396 

10-374+0-0720 

Vi 

\ Co. 

20-715+0-0482 

U 

\ Go, 

13-911+0-0824 

U 

) F.iU. 

13-728+0-0725 

2( 

) P.O.J. 2364 

14-712+0-0528 

21 

[ P.O.J. 2725 

19-r)7()+0-O94S 

2^ 

i P.O.J. 2878 

14-129+0-0595 


5 /i./i. 1' (Bam b(X) hybrid) 

10-917+00729 

2^ 

t B.Ji.IX (Bamboo hybrid) .*•*'•'**'*’[] 

9-012+0-0628 

2i 

> Sorghuw hahpen^e, Palestine 
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Corrdatimi bdwemi themmwti cf Uginficatdon in the ■mid-rib ami iop-har^r iafestafion 


From a study of the anatomy of the mid-rib of Saeclmtmi hybrids, and their parents, evidence is 
available that this particular anatomical character, viz. marked lignification of the mid-rib can be 
inherited and passed on to the progeny by a suitable choice of parents. This will be clear from Table 
III wherein is given the area of lignified tissue per 100 sq. cm, in a certain number of hybrids and their 
parents (Plate XIV). 


The area of lignified tissue in a number of hybrids and their parents 


The study of the number of cork cells, silica cells, and bristles per unit area in the epidermis 
revealed no correlation ])etween any of these characters and the reaction of a variety to top-borer 
infestation. This study as at first confined to the eight varwdies whose percentages of infestation 
is known, and when it failed to give any correlation, the study was not proceeded with for the other 
varieties. In Table IV is presented the average number of cork cells, silica cells and bristles per 
sq. mm. of mid-rib in the eight varieties together with the percentage of dead hearts. 


' No.. 

Name of variety 

Amount of lignification 
■ in sq. cm. 

Percentage of dead 
hearts 

' 1 . 

Go. m . ... . . . . 

10-0l.7-i:0-0527 

4.’)-10J-0-27r( 

.2 

Co. m . . . . . . . . . 

10‘2i8d-0*0279 

42-20 4- 0*321. 

Z 

Go.ilB.. . 

:i0-374±0*0725 

36-2()4-0-228 

4 

\ Co, 3.12 . . . . ... 

1.0-510d::0-0357 

36- 104- 0-225 

0 

■Go, 213 . . . . . 

J0-505+0'05a5 



POJ..287S 

1 9-676 T 0-0048 

2M0i0-5:n 

7 

Co,..331--, 

20-0104:0-0625 

19-00 -1-0-421 

":8„ , 

Co. 421 . . . . . . . . . 

20-7154-0*0482 

18-30±0-258 


No. 

Name of pistil parent with amount of 
lignification in s q. cm. 

i ' ■ ■ 

Name of hybrid with amount of 
lignification in s q. cm. 

Name of pollen parent with amount 
of lignification in s q, cm. 

1 

Vellai 

Good lignification 

(17-272) 

VelM X D. 7i 

Good lignifleation . (17-7B7) 

D. 74 

Good lignification 

(18-002) 

2 

Vellai 

Good lignification 

(17-272) 

Vellai X Sorghum 
Moderate lignification . (13-142) 

Sorghum 

Poor lignification 

(10-175) 

3 

. Vellai 

Good lignification 

(17-272) 1 

Vellai X Natenga 

Good lignification . (16-827) 

Naremja 

Poor lignification 

(10-292) 

4' 

Vellai 

Good lignification 

(17-272) 

Vellai X S, rohusium 

Good lignification . (18-072) 

B. r ohm! urn 
Moderate lignification . 

(14-011) 

5 

Vellai 

Good lignification 

(17-272) 

1 Vlellai X S, halepe 

i Poor lignification 

nse 

{9-715} 

S. halepeme 
Poor lignification 

(n-012) 

6 

F.(U. 2878 
Good lignification 

(19-676) 

Co. 421 
Good lignification . 

(20-715) 

B. 3412 

Poor lignification 

(12-527) 

7 

, Co. 213 

1 Poor lignification 

(10-525) 

Co. 331 

Good lignification 

(20-010) 

Co. 214 

Poor lignifica-tion 

(10-728) 

8 

Go, 213 

Poor lignification 

(10-525) 

Co. 312 

Poor lignification 

(10*638) 

Co. 244 

Fair lignification 

(15-725) 
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■ Table ' lY 

7Y/r; aremije inindwr of carl: cells, silica cells mal hfistles per sq, nmi.\of Ofal-nb irpl) the percentage of 

. .-dead hearts ■ ■ 






Number of 

Number of 

Number of 

Percentage 

ISo. 



cork cells 

silica .cells., 

. , ..brisllcp. 

, , . ..of dead 



per sq. mm. 

per sq . mm. 

per sq. mm. 

liearts 

1 

Go. 396 


28-'r 0-0074 

IOy-0-0615 

12-]:- 0-0835 

45-10-]- 0-275 


Vo. 333 .... 


lo-|:-0'0879 

4i0-0389 

5± 0-0639 

42-20+0-321 


rn,9io 


:L>'4-’0*0749 

3+0-0461 


36-2o5 0-228 

4 

Go, 312 


30+0-0853 

i0J-()-07iS 

20 + 0-()640' 

36-30+0-225 

n 

Co. 213 


27+0-0628 

■14d-0'07S8 

1 0-0674 

34-60+0-349 

it 

rOJ, 2H7S . 


25+0-0520 

6+0-0537 


■21-10+0-531 

7 

Go. 337 


30+0-0709 

.. 4i;0-0519 

^ , 4-|-0-:0492. „ 

19-60+0-421 

s 

Go. 92 ( 


35zl+bl]2o 

I0-! 0-0369 

20i 0-0769 

18-30± 0-258 


Discussion , 

TJio. aluA'C sukIv eiul the eolleetcd ii^Lues pi'ove tiiat tiiere is correktion of 

li^niificatioii in tlic niid-rib of a, variety and its resistance or susceptibility to the top-borer and tliat the 
loj)-ljoror inlestaliun , generally increases wi1li the lessening of the lignifieation in the mid-rib. No 
variety seems to be ccnnpletely inininne to the atUck of this pest and so the values are only compara- 
tiv<?. (Vadain cane varieties are marlvedly jnoi’c heavil}^ infested by the top-borer than others. 

Since it is tlie amount oi‘ lignifieation that decides the hard or soft nature of the mid-rib, the 
results of this study are in agreement with the view put fbidh by that varieties with strong 
mid-rib>s are less lialfie to be attacked than tliose with soft mid-ribs ' and a strong Diid-rib as a cliarae- 
teristie will aflbrd the variety that has it, resistance to this serious pest It is obvious that tlio 
presence of good ligiufi(‘ation in the ]ni(J-i‘ib will make it hard and prove to be an obstacle to the 
entry of the larvae. 

The resistant varieties lia\'e the bundle shcathswell developed and more prominent 'than the 
susceptible ^andeties. Thus in Kahidai Boolhaa, Co, 331, Co. 556' and Co. 421, the bundle slieath is 
decidedly thicker and more prominent than in Co. 213, Go. 313, Co. 419, Saretha, etc. As already 
explained, the numl)er of liimdlcs alone is not enough to determine the degree of resistance of a variety. 
For example, in Co. 419, tlie number of bundles is greater than in Co. 421'; but the latter is twice 
more resistant to the top-borej* because in Co. 419 the bundle sheath is poorly lignified. 

Generally the thick canes luive a good arfioiint of lignifieation in their mid-ribs, whereas the 
thin Tndiim canes have poorly lignified mid-ribs. So it may be predicted that the liability of infesta- 
tion is likely to he gTeater in tJjiu canes tlian in tJiick canes. From Table I it is clear that thick canes 
like KahnJai Boo/hav, 1). 74, Bkteh Cherihon. Greensport, etc., liave very well lignified mid-ribs. The 
thin canes belonging to tlie various group under S. Barberi and 8. sinense, viz. Saretha, Kailia, Mtingo, 
Nargori, Pansahi, etc. have poor lignific^alipn in their mid-ribs. 

The wild especially the spontaneiims — have lieen used to a great extent in breeding 

both at Coimbatore and Java as they ha\o been found to be resistant to adverse environnientai 
conditions and certain pests and diseases. The study of the mid-rib of some of these reveals that 
they have poorly lignified mid-ribs. Hence they may not be of use in breeding types resistant to this 
particular pest. 

In Sorglmm which has been used as one of the male parents in the intcrgeneric cross with sugar- 
cane, the mid-rib is poor in its lignifieation. In bamboo which is the male parent in the siigarcane- 
bamlibo crosses, there is a considerable amount of lignifieation in the rnid-rib. Practically the whole 
of the mid-ril) is lignified on botli sides, thus making it very hard. 

The studies have shown that this particular anatomical character, viz. good lignifieation of the 
mid-rib can be inherited. This will be clear from Table HI. A good number of the hybrids has in- 
herited this desired anatomical character. In some cases it is from both the parents as in the cross 
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between IV/Jr/? end /). 74. wliemin botli the parents and tlie hybrid have very well li, unified niid-ribs. 
In soiiie i1 is fvnni one of the iiarents. as iu Co, 441 wheivdi! the yviodi liofidh-ai Ion of [*,OJ, :?A7W 
is not ired to tlie (e\('h]siuit of I he poor iionifean hn i?: IL 4412. In soinc eases 1 lie livisrids have, inlnaal - 
ed the yonr liajdf’ea : ;o}! <}[' }is parenls. the p’ood ii^i^nitieiition uf !lio o' iea* lu‘in‘!' no! inleaaUri as 

ill (ho stMvIlinp: of ihe^- ei'oss Honjltnut In tiic (aise. (n'‘ f V». 44!, i, lie parends have 

poorly lignified rnid-ribs, whereas it has a very well lignified mid-rib. This rdiaraeler has oAddeiitly 
liCtni iiiheiiiod fivau oiUMd' its remote . iincestoiu 

Out of ihc two bandKiO .hybrids studied, B4i7V shows nioderato iignifleation in its liud-rib \vherea,s 
BJlIX has a poorly iigiiified irdd-rib. The h^drrids.did not inherir the very good lignifiearion of tlie 
male parent. It is, possible by back crossing the'..liybri(],s wii.b bamboo to br-irig iu Hm vf^rv siivmg 
iriid-rib of the latter. In that case the Imrrids might pro\e very resistant to die top-borer. 

In the natme of inliorir.anca of this anatmriieaTeharacior variation is met with even in hybrids 
wldrh l-ave the same feinalo parent. In the crosses obiaiiiad \dtfi |h/h// a-i femah- pa/em and with 
ditTeieiit ruale parents, some of the hybrids show good, some moderate and ofluns pom* lig'nirioation in 
their mid-ri])S. This will b<3 apparent froin Table III and Hate XiV. Thiswid.-a va rim ion is eharai*- 
teristic of sugarcane liybrids and is to be expected since sugarmrue is s)fongl\' holorozygous and each 
seedling a polentialiy new va.riety in itself. The question wlmilier lignitication of mid-rib is a domi- 
nant or recessive cliaracter cannot be answmrrd witl! any degree of certainty' due to the complex nature 
of sugarcane Isybrids. Kven in the Fj geiien turn if has Iieon IVuind flint iu one case, viz. (Jo. 2S4 
\Sucdtanuo qflidnanoo. {Vollai) ];<.Sacah/uui}f f po oUntfioo, fbimbaiorc,] llie lign i flea i ion is dominant, 
in another, viz. Co. 201 \Saccl((inmi qfjiujiani^H {Kolddai Bout/uin) X T^necharuoh fspoydooonoi. (Joim- 
batorej it is recessive while in tlie third, viz. Co. 205 {Saccharum offidiKinnib (fJfecio-jpovt) A Saocharnni 
sjjonianenm, Coimbatore], it is intermediate. The doiniiiance or recessiveness of the character de- 
pends on the genetic bac!:groiind and the particular varieties used in combination, [t could at best 
be said that tlie introduction of a jiarent with w'ell lignified mid-rib; i.e., hard mid-rib, increases the 
average hardness of the progeny. Hins'c this niiic^^h^ desired anatojnieal character is inheritable it is 
possible. 1.)}^ suitable clioice of parents to introduce into tlie hybrids tliis cliaracter and thus render 
them hard and resistant to tlie to]>-borer. Since the ehe.a.|)est and eliicient way' of jighting out pests 
and diseases lies in the cultivation of resistant varieties, if sucii wai’ieties with good lignification in 
their inid-rilis ai’c brought into being by sugaitarne it would Ijo to the advantage of the 

sugarcane growers throughout the wxirld. 


SUiWMARY ■ : ' ' 

1. The object of the present study is to find out whether any correlation exists liel wee-n the 
resistaiue of a variety to tlie i op-borer {!ich‘]j(rp!>a(ja hivrila F) and ilie hardness of the mid-rib. 

2. About fifty vaiietles including the diiferent species of‘ Sacclforoof and the interspecific and 
intergeneric liybrids wu'th SaccJiamm have ].>een studied. 

3. The results show tliar iliere is a fairly close corrchition^lietw'een the ainounr of lignification in 
the mid-rib (the liarcluess of the mid*rib) and the dogi’ee of resistance or a \'ariet\'. 

4. Thick canes generallv have good amount of iignification in their mid-riiis, vdfiie thin canes 
have poorly lignified ones. 

0 . Tlie good lignification of the mid-rib is found to be inherited irom certain parenth. 

(h It niight therefore lie possible by a suitable choice of parents to introduce into t.he hydn'ids ihis 
desired anatomical charactiT thus rendering iJie mid-rib hard and resistant tu the pesi. 
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SEASONAL HISTORY^ AND FIELD ECOLOGY OF THE WOOLLY APHIS IN 

THE KAMADN HILLS 

By E. B- LAL, Entomologist to Government, U. P. and R. K Singh,* Assistant Entomologist, 

Cawnpore 

(Received for publication on 23 March 1946) 

T he woolly aphis, J^riosmu laniyemmMmmxm, a pest of apple trees all over the world, is be- 
lieved to have been introduced into India on imported nursery stock. The first record of its 
occurrence in this country dates back to 1889 when it was observed clauiagiu" a]>ple trees at (.'onoor 
iu south India [Misra, 1920] and the next record appears to be its mention in the Report oftfu: Kumaim 
Government Gardens for 1909-10, about which time it was also observed iu the Simla district. Pre- 
sumably the pest entered these localities much earlier. At present the woolly apliis is known to 
occur, in several parts of the Indian region, viz. Kashmir, North West Frontier Province, the Punjab, 
the United Provinces, Assam, Burma, Sikim and south India. 

Investigations on the woolly aphis in the Eamaun hills were started at Ramgarh, District Naini- 
tal, in 19,29 and later, extended to Ghaubattia-Ranikhet and other areas. The information collected 
during 1929-44 has been sifted and such of it as has appeared new or interesting is, in part, embodied 
in the present paper. Much of tlie biology of E. lanigerum, which is well kno%vu, has been omitted. 
A paper on the methods of controlling the pest in the Eamaun hills has been published by one of 


“^ilpraierly Rpsearch Assistant Eitoinologiab, Ohaubattia- Banikhet 
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Khaiij 1941]. In Europe also it appears to liave no 'true ’ hibernation [Greenslade, ^1936]. In 
north Americaj however, the pest may hibernate in the. egg and n.ym,phal stages and; in warmer 
parts, oviparous females as well, on elm and apple trees [Metcalf and Flint 1939], 

During February and March in Kamaun, the nymphs come out of their shelters, settle down at 
suitable places on the tree and start feeding. Soon after, the waxy filaments appear on their bodieS' 
and in about two weeks’ time the adult stage is reached and viviposition commences. The newly 
born nymphs may remain close to their parents in the same colony or, if it is very crowded, may 
wander up and down in search of more favourable places to settle down and start new colonies. 
Viviposition goes on throughout the summer, autumn and early part of winter, after which it ceases ; 
most of the adults die and the nymphs migrate to the under-ground parts or move into sheltered 
situations on the tree to tide over the. coldest part of the winter as described before. 

As happens in the Punjab, some of the aphids produced in early July are winged as also vivi- 
parous, parthenogenetic females like the wingless ones. Their number goes on increasing till about 
the middle of August when on a heavily infested tree the number of winged aphids may exceed that 
of the wingless ones. Some of the former fly to other trees and start new colonies but the progeny 
in such cases are usually wingless. The winged aphids gradually disappear after the middle of 
October. It was repeatedly observed that more winged aphids are produced on heavily infested 
trees than on those having fewer colonies. It is not possible to explain the precise relationship 
between over-crowding and the production of winged forms but, on the face of it, it appears to be a 
device of nature to aid in the dispersal of the aphids when once their original host trees have become 
over-crowded. 

Migration from roots to shoots and vice versa 

It has been the belief among the Kamaun orchardists that the woolly aphis migrates to the roots 
at the beginning of winter and crawls up to the aerial parts in early spring but this is only partially 
true. Actually a few nymphs can be observed migrating from the aerial parts to the roots and mre 
versa simultaneously all the year round and the pest persists on both, the aerial as well as the under- 
ground parts of the trees. In the Punjab, Eahman and Khan [1941] state that there is a definite, 
though partial, summer and winter migration at Eaisoii and no migration whatsoever at Kulu 
(Sultanpur) proper. 

With a view to collecting definite data regarding the movements of E. lanigeruMy three groups 
of four trees each, with the aphids on shoots only, on roots only, and on both, shoots and roots, were 
marked out and grease-banded in May 1937 to observe the periods of their upward and downward 
movements. The trees, having colonies both, on shoots and roots, were grease-banded at two heights 
on the stem and the intervening distance was kept free of the aphids. Grease-banding was main- 
tained throughout the following twelve months in perfect condition. Every band was examined 
twice a month and the aphids caught on each were counted and removed every time. The data 
collected during the twelve months are given in Table I. 

An examination of Table I shows that, although the upward and down movements continue 
all the year round, there is a marked tendency for upward migration in summer and for downward 
migration in winter. At other times of the year the movements of the aphids appear to be 
indefinite. The data also indicate that, while upward and downward migrations are very probably 
influenced by the prevailing heat and cold, respectively, when such conditions tend towards the 
maximum, movements at other times are governed by other factors also than these climatic ones. 
Generally, only the nymphs migrate from one part of the tree to another. 

Seasonal incidence 

The intensity of infestation by E, lanigerum greatly fluctuates during the year. As soon as it 
starts reproducing in early spring, it is attacked by the predator, Ooccinella septempunctata Linn., 
which preys on all of its stages [Lai and Singh, 1945]. In certain areas of Kamaun, this lady-bird 
is so effective that it hardly allows any colonies on the aerial parts of the trees between March and 
July. In others, infestation by the pest is generally light or heavy according as the lady-bird is 
scarce or abundant. After July, although the lady-birds leave the apple trees and migrate to grasses, 
there is pot much increase in the number of the aphids as, during the rainy season, reproduction is 
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very slow due to ciiniatio causes discussed hereafter. It is, therefore, mainly during October, Novem- 
ber and ]>art of December that the incidence of the pest is highest. Dating this period, the climatic 
conditions are nob unfavourable for multiplication and the lady-bird is no loAger there to e.vercise 
any effective check. As stated previously, from mid-December till early spring only nymphs occur. 


' ! ‘ '' 


Factors AFFECTING SEASONAU HISTORY AND INCIDENCE 

(1) E;ffect of almospfieric temperature ami IVUioMity 

Ob.servations made at Chaubattia and at Ramgarh have indicated that the reproduction of the 
woolly aphis is not adversely affected by atmospheric temperatures up to 90°F., which is about the 
maximum attained in these parts. Reproduction, however, ceases when the mean minimum tem- 
perature goes below' 37°F. 

A monthly census of the population of the woolly aphis on three apple trees was taken during 
the years 1941 and 1942-43 at Chaubattia and Ramgarh, respectively. The method adopted was 
to divide a tree into a number of equal parts with regard to its infestation by the woolly aphis. One 
of these parts was again sub-divided into smaller portions of equal size and the number of colonies 
as Well as the number of aphids in each colony in one of these sub-divisions were counted. The 
population of the aphids on the entire tree was determined by appropriate ihultiplications. The 
trees were caged to keep off predators but parasitization of the aphids hj Apliehmas ’tnali Hald. was 
possible. The data are' presented in Tables II and III, therein Counts of both pwrasitMed and un- 
parasitized aphids are given. The data show that the maximum number of aphids was recorded 
in May and June when the maximum temperature went above 90°F. on several days, though the 
monthly average was lower. The gradual decline in the number of aphids from the end of June to 
about September appears to be due to increased humidity as after September, with the decrease in 
atmospheric humidity, the number of the aphids again increased. This decrease during the rainy 
season can not be attributed to high temperatures as these months were cooler than May or June. 
The colonies inside the cages were not directly hit by showers of rain and so there was no possibility 
of their being washed away by rain mechanically. Parasitism by K. inali also appears to have inade 
little difference in the seasonal population of the aphids since the largest number of pa,rasites inside 
the three cages was recorded in May and June when the aiihis population Was also the highest. 
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Table II 

Population of woolly aphis in relation to atmospheric temperature and humidity in P941 at Ohauhattia 


March 

April 

May 

June 

July 

August . 
September 
October . 
N'o'Kember. 


No. of 
healthy 
apihda 

No. of 
parasitiaied 
aphids 

150,400 

7,520 

(Observations not taken) 

(Observations not taken) 

552,960 

123,420 

346,066 

80,286 

276,576 

52,084 

146,260 

20,842 

467,190 

42,935 

232,100 

26,447 


Averages of 


Maximum Minimum Humidity 
temperature temperature (percentage) 
inF. inF. 



'Mo, of 
trees 

oxaBiined 


Variety 
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P^pulatidn of leodlly aphis in rdatm^ ta akmspheric fempemWm mid huinJdify iluriny J942-4S at Mam- 

garlh 


Month 

Tree No. 1. 

■Tree No. 2. 

Maximum 
j temperaitiro 
in F. 

A^-erages of 

HiiMHlity 

(percen- 

tage) 

No. of 
healthy 
aphis 

No. of 
parasitized 
aphids 

No. of 
healthy 
aphids 

No. of 
parasitized 
aphids 

Minimum 
temperature 
in F. 

April . . . • 

6,699 

1,168 

28,812 


2,48fi 


j 

7{M.)0 : 

52b0 

44 

Mdf ' • • 

21,060 

l-,b52 

44,880 


11,505 


82*60 

56*20 

41 

June 

37,720 

2,338 

32,604 


4,302 


84*50 


58 

July « • 

l,fi80 

350 

23,970 


4, i 0 3 


77*00 

61-00 

84 

Augunt.. . 

3,230 

658 

5,184 


825 


75*20 

rb*20 ‘ 

m 

September 

1,408 

371 

2,967 


724 


75*10 

55*80 ! 

74 

October . 

1,512 

230 

1. 3,192 1 


425 


75*50 

47*30 

5S 

Kovember 

2,744 

617 

1,819 i 


492 


72-20 

41*70 

58 

December 

3,024 

mi 

1,634 1 


420 


58*80 

35*50' 

59 

January 

(About the same number) 





57*10 

36*00 

, 50 

February . 

(About the same number) 





(U*40 

38*50 

i 60 

March 

(About the same number) 

. 

i 

i 



J 

70* 10 

1 

43*30 

50 


(ii) Effect of natural enemies 

The woolly aphis in Kamaun is attacked chiefly by two predators : the larva of the S}'rphkl 
fly, Syrphus confrater Wied., and the beetle, Coccinella sejHempiinctata Linn., and, by the Eulophid 
parasite, Aphelinus maZi Hald. The Syrphid larva is of little economic value but the lady-bird exer- 
cises Considerable check on the pest in certain areas from early spring to the end of June [Lai and 
Singh, 1945]. As for the parasite, inspite of repeated attenipts, it has riot yet established itself in 


Kamaun and, therefore, its influence bn the woolly aphis population has I)een so far negligible. An 
account of the behaviour of A. rnUZi in Karuaun is being published separately. 

{iii) Varietal resista7tce of apple trees to imolly aphis attack 

In 1933, an area, containing over five thousand apple trees was marked out in an orchard at 
Eamgarh and every tree in that area Was examined in October for woolly aphis attack The data 
are summarized in Table IV. 

Tabub IV 

Incidence oftmolly aphis attack on some important varieties of apple. 


65b 

83‘6 

i5‘7 

28b 

6‘2 

100b 

38b 

35b 


46*5 
60*4 
9*7 , 
2X-0 
6*2 
31*7 
72-2 
33 b 
24 b 


Ho. 

attacked 


Percent- 
age of 
attacked 
trees 


Intensity of attack* 

I II in IV 


King of Tomkin’s County 
Or^ge 
King of Pipina . 

James Grieve 
Delicious 

Cox^s Orange Pippin . 
Danes Prince Albert 
Jonathan 
25 mixed varieties 


* ^Explanation of intensity of attack : 

I. wA5'ed’km68 m ’ avetage-aiSed ‘ ttee. 

IK i6*f4I) doloiiies on an average-sized tree. 

III. More than 40 colonies but the tree still looking healthy, 

IV* Tree full of new and old galls and rendered very unhealthy. 


16*5 

22-3 

4*2 

7*3 


6*5 

24*1 

5*0 

9*4 


662 

634 

332 

138 

m 

183 

79 

180 

•5641 


434 

530 

52 

39 

12 

70 

79 

69 

1:993 
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Table IV shows that, although the percentage of very heavily infested trees ^ very low, quite a 
number of them are attacked by the pest. This number excludes the trees which had only a few 
colonies on tlion and did not appear to have been affected by the attack at all. Among the com- 
mercially important varieties, Blenheim Orange and King of Tomkin’s County suffer the most. 
From general observations, carried out for many years, the important commercial apple varieties 
grown in Kamaun, may be classified in one of the four groups as indicated in Table V with regard 
to their susceptibility to the pest. 

Table V 


Classijicution of ajjple trees with regard to their susceptibility 


Higiiiy susceptible 

Susceptible 

Resistant 

HigUy resiitant , 

Bleaheim Otanga ■ . 

, Cox’s Orange Pippin 

Delicious 

Nortbem Spy ■ 

King of Tomkia’s County 

! 

Norfolk Beefing 

Alfruston 


Banoni 

Esopus Spitzenberg 

Golden Pippin 


King of Pippins ( young trees only) 

Newton 

Rome Beauty 



King of Pippins (grown-up 
trees) 

Gano 



(iv) Inter-aclion of apple stock and scion in regard to woolly aphis attach 

Le Mley [1927] appears to be the only worker to attempt to discover if the resistance of apple 
stock to woolly aphis attack has any influence on the resistance of the scion worked on it. Although 
some of the varieties, used in his experiments as stock and scion, were not very true to the characters 
they represented, the results gave a fair indication to the effect that the resistance of the stock does 
not have a marked effect on the resistance of the scion. On the other hand, Jancke [1937] consider- 
ed that the resistance of a variety is due also to an unexplained influence of stocks used for grafting 
edible apples. In order to obtain definite information on the subject, an experiment was conducted 
at Chaubattia, using only those varieties of apple whose degree of resistance to the pest was definite- 
ly known. The experiment is described below : — 

Material and methods. Observations extending for several years on the relative susceptibility 
of most of the local and imported varieties to woolly aphis had shown Mailing Type II to be 
highly susceptible and Merton 779 to be highly resistant. These two varieties, inter-worked as 
well as each grafted on itself, were planted in big tubs in the winter of 1938. Each treatment 
was replicated four times with one tree as the unit. All the trees were uniformly infected with 
woolly aphis several times between April and July 1939. Towards the end of August, large 
numbers of colonies developed on the aerial as well as the under-ground parts of some of the 
trees. At the end of October, the numbers of colonies formed on the roots and scion of each tree 
were cotmted. 

The experiment was repeated in the two subsequent years and the results of the three years are 
summarized in Table VI. • ^ ^ 

Table VI shows clearly that the resistance or susceptibility of a variety is not affected by its 
union with another variety possessing the reverse characteristic. There is, however, an indication 
that the intensity of attack on a susceptible scion, worked on a resistant stock, is less than that on a 
susceptible stock. As also remarked by Greenslade [1936], this difference does not seem to be due 
to the imparting of any resistance to the scion by the resistant stock but to the freedom of the latter 
from the pest Avhioh may otherwise act as an additional and close source of infection to the scion. 
It follows, therefore, that by using an aphid-resistant stock the grower will not only be saved from the 
trouble of controlling the under-ground colonies but will also have less need to control the pest on 
the aerial parts. 
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Table VI 


Incidence of woolly upMs on stock and scion during IfldH-ll 


Name of scion/stock 

A¥erag 0 No. of colonies on , 

1939 

1940 

..1941 ;. 

Scion 

stock 

Scion 

stock 

Scio,ii 

'stock. 

IfertoB 779 

Merton 779 ^ 

• ■ 






.. 

Mailing Type II" 

Merton 779 . ^ 

r ■ • 

4 


22 


7 

.. 

Merton 779 

Mailing Type 

. 

•• 

4 


48 


4U 

Mailing Type 11" 

Mailing Type II_ 

^ . . . .' . . . . 

10 

8 

51 

17 

28 

23 


(v) Effect of different soils on the infestation of roots hy the woolly aphis 

A pot culture experiment was carried out at C'haubattia to see if an}' of the three typical soils 
of the Government orchard, namely, clayey, sandy and humus-rich* made the plants more suscepti- 
ble to root infection than others. 

Material and method. Six plants of Mailing Type II, a very susceptible variety of stock, were 
planted in big tubs, filled with each of the three types of the soils in the winter of 1937 (that is, 18 
plants in all). Shoots of all the plants were artificially infected witlr the woolly aphis in April 1938. 
The aerial parts of all the trees became covered with colonies in about four months after infection 
by which time a few aphids also migrated to the roots and settled down there. The trees were allow- 
ed to grow till October 1939, when they were uprooted and the number of galls formed on the roots 
of each of them was counted. 

The experiment was repeated in the two subsequent years and the average number of galls 
formed on the roots of each tree in the three types of soils is given in Table VII. 


Table VII 

Average number of galls on roots of plants in three types of soils during 1939-41 


Year of observation 

Clayey 

Sandy 

Hnmns-rieh 

1939 

23-0- 

10-0 

13*0 

1940 

1-3 

1-2 

7-0 

1941 

18-0 

6*3 

12*0 


No definite conclusions can be drawn from the data given in Table VII. It is, however, indica- 
ted that in the first and the third years of the trial, comparatively more galls wme formed on the 
roots in clayey soil than in others but there is no significant difference between any two soils in any 
year. As the aphid attacks the under-ground parts of the plant up to a few inches of depth only, 
the incidence of attack on the root system must depend on whether or not it is near to the surface. 
It has been observed that as the root goes deeper into the soil, the aphids leave it but the same root 
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may again be attacked lower clown on the steep slopes if it conies .iiear the surface or becomes ex~ 
poseib Tims on steep slopes a root may be attacked on three or^fonr isolated spots. It appears,,^ 
that root infection is dependent on good aeration* of the top few inches of the soil. Therefore, a 
slightly heavier infestation in clayey soil may be cine to the cracking of the soil, thereby allowing the . 
aphids easy access to the roots and plenty of aeration. 

'Summary 

L The w’'oolly aphis in Kamaim, as in the Punjab, is confined to apple trees and is viviparous, 
parthenogeiietic and multibrooded. ^ ^ , 

2. The pest is active from March till about the middle of December. The maximum popula- 
tion is maximum in May and June and again in October, November and the first fortnight of Decem- 
ber. After December mostly nymphs occur, concealed in cracks of barks and other sheltered situa- 
tions on the trees. Winged aphids are produced during July and August which fly to other trees 
and start new colonies. Heavily infested trees show greater proportion of winged to wingless aphids, 

3. Migration of the w'oolly aphis from shoots to roots and vice versa occurs practically all the 
year round. Upward and downwtard migrations are accentuated during the hottest and the coldest 
parts of the year, respectively. At other times, migrations appear to be independent of the weather 
conditions, being governed largely by the necessity of seeking suitable places to settle down. 

4. The reporduction of the woolly aphis is not adversely affected by temperatures, up to 90,^1. 

Belovr reproduction ceases. Excessive humidity, usually occurring during July-September 

retards the multiplication of the pest. 

5. The woolly aphis in Kamaun is attacked by two predators, 8yrphus confmter and 

Goccinella septem, punctata Linn. The former is of little economic importance but the latter ej^eroisea 
effective check in certain areas from March to the end of June. Efforts at establishing the parasite, 

waJi HalcL, have not yet succeeded. 

6. Observations are recorded on the behaviour of different varieties of apple trees to the attg^pk 
of the woolly aphis. 

7. Experiments on the inter-action of stocks and sciops with respect to woolly aphis attack 
shovred that the resistance or susceptibility of a variety is not influenced by its union with another 
variety possessing the reverse characteristic. 
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Photoniicrograpli of the affected margin of leaf 
showing the spear like branches bearing bundles of 
oonidia. 






Fig. 2 


Fig. 3. Photomicrograph show- 
ing the structure of the 
spear like main branch 
with lateral monopodial 
branchlets (conidiopho- 


Fig. 1. Lesions (early stage) on the leaf of 
Ficus carica. 


Fig. 4. Section of a leaf 
showing a few coni- 
dia still attached at 
the tip of the mono- 
podial branchlets. 


Fig. 5. Chlamydospores 





By P. R. Mehta, Assistant Professor of Botany, and S. K. Bose, Lecturer in Plant Patliology, Depart- 
ment of Botany, Govt. Agricultural College, Cawnpore 


(Beceived for publication on 6 February 1947) 

(With Plate XV) 

A LEAF-SPOT d.isease of Ficm carim L. was observed at Cawnpore, during 1945 in t he rainy seasori. 

In 1946 the disease was again noticed at the beginning of July. The severity of the attack and 
the prominence of the lesions warranted investigation. Preliminary examinations revealed the 
presence of a fungus hitherto unrecorded from India. The fungus has been determined to belong to 
the Genus Cylindrochdimn. 

Symptoms 

At the commencement of the rains in the beginning of July, minute dot like brown spots up to 
2 mm. across appear scattered on both surfaces of the leaf. These enlarge into prominent reddish 
brown spots measuring up to 30 — 40 mm. across. Sometimes the spots are partially limited by the 
veiiilets, giving them an irregular appearance (Plate XV, fig, 1). The margin of the spots is dark 
brown and the colour is deeper where the margin happens to run along the veins. The veinlets within 
the patches are also prominently brown coloured. Some spots are light brown in the centre while 
others show a donate appearance, especially on the upper surface. In most cases the spots coalesce 
and form irregular patches which may involve greater part of the leaf area. Shot-holes may appear 
iii the centre of the old lesions. Sometimes the affected parts on the margin become brittle and 
break away. During humid weather the lower surface gets covered by a cobweb like mycelium 
which subsequently appears powdery. Infection was not noticed on other part of the host plant . 


A LEAF-SPOT DISEASE OP PIG (FIGUS CARIOA L.) CAUSED BY QYLINDUOCLADWM 

SGopAmvMmmG 


Moephology op the pungus 


Mycelium, The mycelium is mainly intercellular. The hyphae are colourless, slender, septate 
and branched, and 3*5 — 6pt in diameter. Older hyphae tend to become brown. The affected cells 
turn brown and are killed giving rise to the typical spots. The xylem vessels are not usually pene- 
trated but the vascular bundles become deep brown. 

Co7iidia, In moist weather the affected areas produce, mostly on their lower surface, septate, 
erect, spear like main branch 230 — 355 p. long and 3-5— -6p broad at the basal region and 1*4 — 2*8p 
at their upper region. These come out singly or in clusters of 2 — 4 or more through the stomatal 
opening or directly through or between the epidermal cells. They are also produced on the aerial 
mycelium in the moist chambers. The apical cell of these main branches is characteristically swollen 
into a spear-head like structure, measuring 17— 20p by 7 — lOp. These main branches bear one 
or more monopoclial fertile secondary branches at various heights, mostly on the lower one-third 
part of their length. Viewed under the low power of the microscope these appear like slender, stalked, 
penicillate structures, each bearing a white shining head composed of a bundle of elongate conidia 
(Plate XV, fig 2). When mounted in water or lacto-phenol, the mature conidia get detached and 
their structure is then clearly seen (Plate XV, figs. 3 and 4). Each fertile branch is cymoseiy divided 
one to three times ; the ultimate branch or the sterigmatum bears a oylindrioal bicelled conidium 
(Plate XV, fig. 4). These lateral branches (or conidiophores) exclusive of the spores, measure 60 — 
125 p. Sometimes the spear like main branch is absent and only the penicillate fertile head is produced. 
Occasionally a lateral branch, ending in spear-like terminal cell arises from the main spear- branch 
and bears the fructifications. The bicelled conidia have rounded ends, measuring 32*4 — 50*4p by 
3*4 p at the apex and 3p at the base. These germinate readily in water producing one germ tube from 
each of the cells ; generally they come out of the ends but may be formed from any other part also. 
One of the germ tubes is produced earlier than the other. 
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CMamyiospores* In moist chambers sometimes the cells of the aerialhyphae swell up and become 
beaded. These enlarge and become light brown and form round or, irregular chlamydospores iip^ to 
30a in diameter. When kept in water they germinate by giving out germ tubes (Plate XV fig. 5). 


Growth in culture 


The fungus has been isolated in culture. On potato glucose agar it grows out uniformly forming 
a %Yhite circular colony and gradually becomes golden brown. The colour deepens and numerous 
sclerotia appear. The latter are composed of dark brown thick walled pseudoparencliymatous 
cells that resemble the chlamydospores in structure. The size of the sclerotia extends up to 0*8 mm. 
ill diameter. At this stage chlamydospores are also seen under the microscope. These resemble 
those formed on the leaves kept in moist chambers and measure up to 40[x in diameter. None of 
these cultures have produced conidia even after one month. 


Parasitism 


The parasitic nature of the fungus has been established by inoculating both the surfaces of the 
leaves with conidial suspension obtained from the leaves kept in moist chambers for 24 liours, and 
also by putting bits of mycelium from the culture tubes and covering the latter with cotton pads 
moistened with sterilized water. The infection experiments were undertaken on humid and cloudy 
days during the month of August and September. More than 200 leaves were inoculated and about 
ninty per cent, of the leaves got readily infected by both the methods. Characteristic lesions were 
produced within seven days and the fructifications appeared after two weeks. The infected leaves 
are shed 20—30 days earlier than the healthy ones. Moist weather is essential for infection. It 
was also noted that the fully mature leaves are most susceptible. After October new leaves appear 
on the fig plants but these do not show any sign of the disease till the next rainy season. It thus 
appears that the fungus is a weak parasite attacking fully mature leaves which are in a low state 
of vitality prior to their being shed naturally after the rains. 


Identity of the fungus 


The Genus CyliyidroclacUum was first recorded and described by Morgan [1892]. Subsequently 
it was found on the dead leaves of papaw plant by Ellis and Everhart [1900]. The parasitic nature 
of the fungus was established by Massey [1917]. Recently the fungus has been recorded in England 
by Wormald [1944] on several members of the family Rosaceae. Anderson [1918] carried out detailed 
investigations on the morphology and parasitism of G, scoparmm Morg. causing the crown canker 
of rose. The same author isolated another species from rose, (7. parvum And., with smaller spores. 
Another new species of the genus G. yyiaorospomm has since been recorded by Sherbakoff [1928] on 
a palm. Dodge [1940] has also recently reported a species C. pteridis on fern. Rea and Hawley 
[1912] had described and created a new genus Gandelospom. According to Fawcett and Klotz [1937] 
the genus Gandelo,ipora resembles the genus Gylindrocladium in the structure of the fructification 
but differs from the latter in having three septate conidia. 

The species appearing on Ficus carica has one septate conidia and the measurements of the 
conidiphores and conidia approximate the species Gylindrocladmm sco^mrium Morg. The dimensions 
of the conidia given by the various authors are as follows : 


Morgan (1892) 

Ellis and Everhart (1900) 
Massey (1917) 

Anderson (1918) . 

Wormald (1944) . 

Tresent authors on Fim6 carica 


40 — 50 X 4[Ji at the apex, and 3p. at the base 

40— 50 X 4*5(Jt 
30—55 X 3*3— 4*o1(a 
48-8 X 5-l(^ 

41— 64 X 4— 6p. 

32*4 — 50-4[Ji X 3*4 [X at the apex and 3a at the base 


The fungus causing tJie leaf-spot disease of Ficus carica is therefore G. scoparium Morg. So far 
this fungus has not been reported on the above host. This disease and the genus of the causal orga* 
nism is a new record for India. 
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Summary ■ 

1. Duiing tlie rainy season a leaf-spot disease of Ficus earka L. was noticed a.t Cawiiporey . The 
attack was severe and confined to the leaves. ■ 

2. Minute brown dots appeared on both surfaces of the leaves and enlarged; into irregular spots. 
In most cases these coalesced and covered greater part of the leaf area. Shot -holes often appeared 
ill the old lesions. , 

3. The hyphae of the fungus caiising the disease was mostly iiitercelliilar, septate and brancliecl. 
Characteristic spear “like branches came out. of the surfaces of the leaves. . Each had one or more 
nionopodial secondary penicilloid branches wdth a bundle of bicelled, elongated^ cylindrical and 
liyaline coniclia.at'the tip. The conidia measured 324™~-504p by 3*4?i at the apes and 3p at the base. 
Chlamydospores were also observed. 

4. * The fungus was isolated in culture. Infection experiments on healthy leaves were conducted 
and fructifications appeared after a fortnight. 

5. The identity of the fungus is discussed, and identified as C-ylindrocladium smpanum Morgan, 

It is a genus hitherto unrecorded from India.. ' 
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THE ROLE OP ‘OUTTINOS’ IN THE DISSEMINATION OP FOOT-ROT OP 

PIPER BETEL 


By H. P. As.thana, M. Sc.j D. I. C., Ph. D. (London), F. A. Sc., Mycologist to Government, Central 

Provinces and Berar, Nagpur 

(Received for publication OH 27 November UM6) 

F C)0T"R0T, caused by FJiytopUJiora parm var. piperim Dast., is the most serious disease of 
betel-vine in the Central Provinces and Berar. The disease was first reported in the province in 
1923 and since then it has gradually increased with the result that at present the iuiltivation of the 
vines has been practically abandoned. In the early stages of inieetion externa] symptoms of the 
disease' are. general pallor, -loss of lustre and droojping of tender shoots and leaves without any 
external sign of rotting or lesions on any of the aerial parts. Later on the whole plant turns yellow 
and dries off. Roots and underground parts of the stem rot and are destroyed. The disease lias 
been found to be soil borne as well as ' seed ’ borne. 

The dissemination of foot-rot through cuttings, so called ' seed ' , has so far not been systemically 
and thorougMy investigated. Me Rae [1934] and Dastur [1935] are of opinion that the disease is 
soilborhe but Chowdhry [1944] considers it to be seedborne as well, the pathogen being inside the 
cuttings. The experiments conducted by Chowdhry give only indirect indications as "to the mode 
of dissemination, as neither the soil nor the cuttings were sterilized before planting. As such it could 
not be definitely concluded that the pathogen resides as dormant mycelium inside the planting setts : 

[i and the disease is carried through them from place to place. It is probable that the fungus might 
have been carried externally on the cuttings or might have been present in the soil 

Continuous observations of several years in the past have shown that if an old garden is replanted, 
leaf-rot and foot-rot, both caused hj PhytopMhom parmitm piperina Dast., appear more or 
less simultaneously, after two or three months of plantation. If, however, a garden is raised on a ; 

land where betel- vine was never cultivated for several decades, leaf-rot invariably appears six or seven 
months earlier than foot-rot. It was further observed that the foci of infection for foot-rot were 
^ at places where leaf-rot appeared. In such cases the foot-rot infection spread along and across the , 

- betel-vine lines from the foci either due to falling of the diseased leaves on the soil below or dae to I 

I the practice of lowering of the vines where they are first taken off the bamboo stakes, spread on the 

r grqund and then taken up and retied. In both the cases the fungus mycelium thus contaminating 

J the soil, attack the roots of the vines and cause foot-rot. These observations gave an indication i 

t that in the case of replanting old gardens 'the infection was mostly from the soil, whereas in the gardens i 

■on soils without any previous history of pm cultivation the infection was mainly from the cuttings. 

In the latter case the fungus was carried by the cuttings and it first produced leaf-rot disease under 
’ favourable conditions of temperature and humidity. 

The above observations were verified by conducting experiments in pots with sterilized soil 
A year-old betel-vines of kapuri and bangla varieties were secured for seed purpose from a garden 
se^uuely affected by the foot-rot disease. Each of these vines was cut from tip downwards into six 
pieces, each consisting of five or six internodes and measuring from 12 to 15 in. in length. In the 

5 text these pieces have been referred from tip downwards in order of succession as 1st, 2nd ^ind 

L ()th cuttings respectively. As per cultivation practices only three leaves were left on 1st to 4th \ 

\ cuttings while 5th and 6th were without leaves as they had none on them. Sixty unsterilized cuttings 

of each of the two varieties were sown as such on 4 November 1942, in pots with sterilized soil, one 
in each. In the other series, arrangements similar to the above were made but the same number ?, 

; of cuttings of the two varieties were sown after sterilizing them by dipping in 2:2: 50 strength Bord- 

' eaux mixture for one hour. The experiments were duplicated and the observations were recorded ^ 

every day for two years. The dates of the appearance of leaf-rot and foot-rot diseases in the un- , I 

sterilized cuttings of both the varieties, kapuri and bangh^ are given in Table L I 
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Table I 

Dates of appearmm of U4-rot arid foot-rot m 




No, of 1 
plants 
affect- f 
ed 


Kapuri 


Leaf-rot 


Foot-rot 


T^eaf-rot 


Foot- rot 




7 - 14:5 

11-1-43 

23-12-42 

3-l-4:i 

5-1-43 

11-12-43 

7-1-43 

17-12-43 

17-12-42 

11-1-43 


1 Did not appear 

2 do, 

1 Did not appear 

2 do, 

3 do. 

4 do. 

5 do. 

6 do. 

7 do. 

8 do. 

9 do. 

10 do. 


After 2 years 
5-7-44 

24-10-43 
23-12-44 
After 2 years 

17-3-44 

After 2 years 
do. 

2-8-44 

29-4-44 


2- 9-43 
11-9-43 

19-2-43 

23-2-43 

3- 3-43 
28-3-43 

4- 7-43 
11-7-43 

3-8-43 

5- 8-43 
9-8-43 

11-8-43 


9-12-42 

21-12-42 

3-12-42 ' 
11-12-42 
13-12-42 
19-12-42 

17-12-42 
' 7 - 1-43 

' ■742-42 

. 9-12-42, 
13-1-43 
: 27-1-43 

Did not appear 
do. 

Did not appear 
do. 
do. , 
do. 
do. 
do. 

...-do. 

do. 

do. 

do. 


13 - 7 - 44 ,,.: 
After, 2' years*' : 

17-10-43 . 
After 2, years ' 
27-7-44 
After 2 years , 

13-11-44 
, 12-2-44,. 

. , ',,'27-9-43 ' 
,After2 'years 
do. 

7-8-44 

2-7-43 
. ,2U743 ' 

11-2-43 
21-2-43 
. 23-2-43 

5-3-43 
:., 28-3-43 
7-7-43 
11-8-43 
13-8-4.3 
■ '27-8-43 
27-8-43 


It will be observed from Table I that in the first four cuttings of both the vaneties leaf-iofc 
disease always appeared earlier than foot-rot. All the ten plants raised from the 6th cutting., a nrt 
two of the 5th of each variety died due to foot-rot disease though there was no incidence of leaf-rot 
The firrLidenoe of leaf-rot was recorded ju^ while foot-rot appeared 

after three months and the infection went up to 45 per cent withm five months. 

In the second series, where the cutting were treated with 2:2; -50 strength Bordeaux mi.vture 
for oL hour before sowing there. was not a single case of leaf-roi disease in any ol the cutting.s. I.he 
1st 2nd 3rd, and 4th cuttings were neither affected by leaf-rot disease nor rhice 

nlants raised from the 5th cutting, one of kapuri and two of haugla. were osberved to be aftecteu 
olilv bv'foot-rot disease on 13-7-43, 27-7-43 and 21-8-43 resfiectively. This effect was more pimmun- 
ced in'the plants raised from 6th cutting where foot-rot di.sea.se appeared in al the planis and killed 
them. The first appearance of foot-rot disease in the plants raised from the bth mittmg was after 
three months of sowing while in the 5th cutting after eight months. . , 

From the above experiments it could, therefore, be inferred that m the case of 1st to 4th cuttings, 
wh.ich are generally used for ‘ seed ’ purposes, the pathogen was borne externally and not carried 
internally, as otherwise after surface sterilization they should have given foot-rot disease as m le 
6th cutting. Further, it was found that Phytophthora parasitica, var. pipenm Dast. is also earned 
intcrnallv in the lowermost cutting, mostly in the last one, as in spite of surface sterilization the foot- 
rot disease appeared just after three months of sowing. It may, however, be mentioned that m 
aciual cultivation practice the lowermost two or three cuttings of the vines are never used foi seed, 
purposes as the vines from these remain stunted in growth and do not produce leaves of aip economic 
value. The first four cuttings give luxurient growth and the vines yield leaves which fetch high price 
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ill market. Wlien. tliese^ciittings were treated with Bordeaux, mixture. {2 : 2 : 5li) for an kour betor© 
sowing they did not exhibit any sign of. leaf-rot or .foot-rot diseases as mentioned above, thus iiicii- 
sating that the pathogen was not earried internally bxit' only ex,terjaally. The. untreated eiittingB 
wej‘e afieeted by both, the diseases, first, by leaf-rot- and later by foot-rot, the former appearing after 
a month c>f sowing and the latter on the same effected ■' plants afte.r a duraticm of seven months 
two years. In such cases the pathogen xvas carried externally,. invariably on loaves, causing leaf-rofc, 
and these i,nfected leaves spread the i,nfection to the soil when they fell on it, wdiich in its turns attacked 
the roots .of the vines causing foot-rot. , The roots were invariably attacked least one inch below 
the ground, level... The leaves and roots wwe attacked by fungal mycelium and artificially the paraai- 
tisni could be established in cent percent cases. Repeated,, thomugh searches could not reveal the 
presence of zoospores on roots, stems and leaves. Fungal mycelium could be invariably observed 
iiiternafly in the 6th cuttings, rarely in the 5th and never in the first four ('Uttings. 

I am thankful to Mr. iL A. Mahmud, B. Sc., for hig help during the course of this study. 

.' Summary 

1. Both foot-rot and leaf-rot diseases of betel-vine are ommdbj Ph^/iophthora parmitim '/m. 
.pipennaDBi>st. 

2. Cuttings obtained from an infected garden when planted in a new bareja first give leaf-rot 
which is followed by foot-rot. Both the diseases appear practically simultaneously if an old garden 
is replanted. In the first case the foot-rot disease is due to infected cuttings while in the latter it is 
caused by the infected soil as well as by the cuttings. 

3. The pathogen is disseminated by cuttings from place to place ; it being borne only externally 
in the first four top cuttings and internally as wrell in the lower ones. 

4. The disseinination of the leaf-rot and foot-rot diseases to new gardens can be effectively con- 
trolled by the lise of only first four cuttings and by treating them wnth 2 : 2 : 50 srrengtli Bordeaux 
mixture for one hour before planting. 

5. Cuttings should not be taken below five feet from the top of a vine as in an infected garden 
the fungus mycelium is carried inside the tissue of the lower cnittiiigs. 
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DETERMINATION OF PRESSURE IN SEALED CANS BY THE SPHEROMETER 

By Sher SmeH Mangat, Assistant Fruit Biochemist, Fruit Products Lal)orat( tries. Lyallpur 

(Received for publication on 2 December 1946) 

(With two text figures) 

I N EXPERIMENTS on tlie preservation of food in sealed, cans it is often necessary to determine tlie 
change in pressure inside the cans. The change may be caused by the formation of‘ hydrogen gas, 
spoilage due to yeasts or any other cause. Sample lots of about half dozen cans are dnovii at random 
from the experimental pack, after different periods of storage, and pressure is determined with a 
o-auge after piercing the can cover. The cans thus opened served once, and once only, so far as the 
development of pressure in the pack is concerned. What is actually obtained is the pressure in a number 
of cans opened after varying intervals, or stored long enough to reach a condition where half the 
cans showed swelling due to pressure. From this the condition of the pack is inferred. The 
method is obviously defective because the initial vacuum, which is of primary ;imporfanee, is not 
liUiowii except in cans opened at the time of packing and which are no more a part of tlie pac'k. Further 
due to great variation in the condition of the tinned surface, individual cans give out diiterent amounts 
of hydrogen and consequently develop different pressures, even when headspice is the same in all 
cans. The ideal thing woukl be to know' the pressure in all the experimental cans, at the beginning, 
(luring, and at the end of the storage period. To attain this oljjeet, Adam and Stan worth [1934] 
suggested the use of the splierometer. The original paper w^as unol>tainable. but a reference to it 
in a later publication [Adam, 1942] was seen and a method developed independently. After this 
w^ork w^as almost completed Adam. [1943] has given further details aliout the method. But neither 
is the method of measurement completely described, nor are any figures given to enable the reader 
to find out the pressure in any set of cans. The simple method developed in these laboratories 
is, therefore, described. 

Pressure develops most commonly only in fruit packs because of the highly acidic nature of the 
contents. As the size most popular wdtli tlie fruit packers in India and abroad, is A2, figures for this 
size only have been obtained. The bigger size (A2|) is also used to some extent ; but inclusion of 
fioiires "for both sizes wmulcl have increased the statistical wmrk too much for this short paper. For- 
those interested, the method given points the way as to how' figures can he obtained for any other 
size -whieli they may be using. The dimensions of the two sizes mentioned are well known to the 

trade but are given here for ready reference. 

Table I . ' 

Dmensio^is of the tm can sizes' 


Size No. (cylindrical) 


T Outer 

Inner closed 


Diauaeter in incheis 

Internal 

External 
at the rim 

m 

34 

4-1 


Capacity HemarkiS 


750 * substance ’ 


The apparatus used is showm in Fig. 1. It consisted of a can A of which the two ends wem pro- 
perly closed and a copper tube 15 mm. long and 5 mm. bore was soldered at the middle of the cylin- 
drical portion. The can was connected through a mercury manometer B and stop cock C to a larger 
bottle in wdiich pressure could be raised or lowered at will A plane glass plate with a 10 mm. hole 
in the centre was placed on the can. By placing a spherometer on the glass plate, the distance between 
the lewder plane of the glass plate, (i.e. the upper plane of the rim of the can) and the centre of the 
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Another reading was taken for the other side by iir 
was called the distance of the can cover trom the pi: 
‘ the distance ” in the remainder of this paper. ^ Ihe 

AAriwitlv onlv IID to 0*()0o BBll 


%PHe/itcMe.7£H 


Fig. 1 

^ -i mucli larger tlian this and it was 

utely. The legs of the spherometer were placed 
that the spherometer screw contacted, as near 
determined electrically with a battery 
can and the other momentarilly brought 
u By varying the pressure 
inches below that of the surrounding atmosphere twenty- 
obtained for each can. Twmity-three A2 cans were studied. The 

because mention of all the 23 cans would give 23 
done individually also, but the variation 
much lower order of magnitude compared to the differences 
ssure difference, the variation of distance among cans was in- 
7 one inch increase, or decrease, of pressure. This shows that, 
ives the same type of can, so far as the distance of the covers 
i. 

istance is shown in the third column. The variation between 
5 is apparently of the same order up to a pressure of six inches 
this the covers begin to yield more rapidly to the pressure 
the thickness of the plate are likely to cause greater variatxoDS 


sr disc) because the variations due to other causes are 
essary to take the readings more accurr^'-'’” 
with regard to the expansion rings so 

Tbe point of contact was 
was placed under the 

' to see if contact had been established, 
from 12 inches above to 12 


as possible, in the centre of the cover, 
and a bell. One of the electric wes 
in contact with the spherometer 

in the can i 

five readings of distance were 

mean distance (in microns) at different pressme is given in 1 
Only the mean distance of the cans is given, bccau:-- -- 
such tables. However, statistical analysis of the cans was 
fnr tlie same nressure was 



DETEEHINATIOH OF-FB.B,SS0RE'xK sealed cans 


ciiiion.a' the ^*ans. These iahter 
uF pressure caused 
j)re?^siu‘e wlicre T 
j){Ovenient of the cover is miicli 
to be expected because of th' 
the outside. 

TableII 

Mean distance, in A2 can and change caused bg 1 in change of pressure at mmmis pressures 


were compared by the test and it was found that' one 
a significant variation in the distance at all pressures except tie 
the value is the lowest^ though still significant. Table IF further sh 

- greater on the pressure side than on the vacuum side. 

e greater restriction in the moxxiinent oi‘ tlie cover to the i 


Difference from 
atmospheric prC' 
sstU’O ill inches 
of He, „ 


Distance (microns) 


CShange of Distance 


Mean of 23 cans 


The values of mean distanc 


:e are plotted in Fig. 2. 

The figure shows clearly the trend stated above that with increase of pressure above tliat of 
the atmosphere the curve diverts from the pressure axis. This characteristic property clearly 
indicates that the curve is anything but linear as stated by Adam in his latest publication [1W3]. 
His conclusion is based only on the vacuum half of the curve. Increasing the range has brought out 
the true form of the curve. In fact this could be guessed from the following reasoning. the 
vacuum increases, the time would come when the cover would cease to move inward, and cnjnversely, 
■as the pressure increases to 14-15 inches in case of A2, and to 7-8 inches in case of A2i- cans, there 
is a sudden rapid movement of the covers, the can bulges and w'hat is known as doming takes'place. 
This is the same as to say, that the curve tends to become parallel to the pressure axis as the vacuuni 
iiioreases and to the distance axis as the pressure increases. Taking pressure as independent and 
■distance as the dependent variate, the method of the orthogonal polynomials was applied for fittino' 
an equation to the curve. The sums of squares contributed by linear and quadratic regression 
are given in Table III. 

Quadratic regression was significant. The equation connecting the distance with pressure was : 

Y = 8747-106-5X-2-5x2 (i) 

where Y is the distance (in microns) as defined above and x is the pressure difference, in inches of 
mercury, between the inside of the can and the surrounding atmosphere. The calculated values 
of the distance are given in the fourth column of Table II and are shown as black dots in Ficr. 2. After 


Standard 

deviation 

r 

j Calculated 

\ „ . . 

' llean 

a K 

15-9 

160 

9657 

900S 

76 

3-1 

160 

9535 

73 

4-9 

14*1 

9497 

73 

5*1 

15-2 

9433 

78. 

3*8 

14*2 

9365 

S3 

4*3 

13-9 

9291 

67 

5-4 

131 

9213 

82 

■4*0 

13-1 

9130 

83 

3*8 

13-3 

9042 

■ 87 

2*7 

11-7 

8049 

91 

4*6 

14*2 

8841 ! 

08 i 

6*7 

12*2 

8747 

68 j 

7.7 

13*8 

8683 

110 1 

11*2 ■■ 

14*6 

I 8526 

121 j 

' 4*6 

14*5 

8408 

129 ! 

' . 6*1 

15-3 

8286 

132 i 

4.9 

16*7 

8158 ; 

142 1 

4*8 

16*2 

8025 

146 ! 

6*7 

17*0 

7884 

158 i 

5*7 

21*5 

7744 

, 105 ! 

10*7 

21*7 

7597 

159 i 

8*1 

25*1 

7444 i 

159 ! 

11*9 

26*4 

7286 1 

^ 159 : 

6*8 

32*3 

7X24 

157 j 

10*0 
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tals-mg the reading for distance of any sealed can, the pressure can be read off from Kg. 2, or calcu- 
lated more exactly, bytlie_eq^t ion : 

i, '■>)« 

“‘“ttL test the .eoutacj- otfc method in 

fore, be expected to give good results. ^ 



DIFFERENCE FROM ATMOSPHERIC (INCHES OF 
MERCURY) 


The sums of sqmres contributei by linear and quadratic regressions 

, X D F. Sum of squares 

Variance due to u. xi. i 


Mean square 


Linear regression 

Quadrate 

Residual 


Significant at 1 per «ant level 



Serial No. 


BETEEMINATION OF PBES^BB IN SEALED CANS 

Table IV 

The observed and calcuhted pressure in sealed cans 


Distance in microns 


Pressure calculated Pressure fouafl by gauge 


Summary 

1. A procedure is suggested by wliicli the relation between the pressure in a can and the distance 
between the plane of the nra and centre of the can cover can be determined. Only A2 cans have 
actually been studied, but the method is applicable to other similarly made sizes. 

2. After sdatistical analysis and equation has been suggested for determining pressure from a 

bTdifferent will be quadratic for other sizes also. Only the constants will 

3. Determination in a random lot has shown good agreement between observed and calculated 

results and the method can be recommended when large lots of cans are to be observed over long 
periods lor a tendency to develop pressure due to hydrogen or fermentation. ° 
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review 

THE USE OE HETEROSIS IN ™E PBODUCITON OF AGRICULTURAL 
luij uDi. horticultural crops 


Bv- T 4SHTON, Imperial Bureau of Plant Breeding and Genetics publication July 1946. Price .3s. 
^HE production ofbybrid 

offers great ecoaomio possWlita m many crops 

including Bome self-pollinated ones^ 

The anther of tie Wletinhaabronght^^^^ 

in tie stinly of t„“L in detail with all tie work done on diff^nt crops m a 

crop production. } rpup antlior has however, presented a good deal of useful 

WmmSlttn which ciiTe iSel to have an ito ae to’how heterosis can bo exploited for eommer- 

dalpurposes. . ^ 

rri nf sf'pd m-oductiou is one of the chief factors on wliich the commercial utihzation oi the 

The cost oi seed pioaucumi i _ ^ _ liniitedin normally self-fertilized crops in which 

phenomenon depends and, as _suc , iivbridization is difficult or laborious. The author has 

one flower produces one seed investSators to overcome these difficulties 

Sr— g”?otd :r StX— JfSrA^Aio. . i.s W tned m sorghum, 
oiowinv of bulk seed of some later generations has also been tned in a few oases. 

T) • 1 ■v.fT-ndiietoi'v section wherein a mention has been made of the different explanations 

Besides i^^roductoxy section of heterosis, the bulletin is divided into four 

put forwai } ' crops, cross-pollinated crops, a sexudly-propagated plants and 
?rSrr^ Wito-ihUtion, cop plnnto are treated individually. The entenev. htbl.ogi.phy 
cibould be of help to all workers in the field. ' p, i • 

The bulletin will be welcome to all those engaged in the P^'ac^l application of hybrid vigou 
since no general publication on the subject has so far been available.-B. L. 1. 


PLANT QUARANTINE NOTIFICATIONS 


Notification No.. F.d-6i47-PP{SV), dated Government oj India in the Depart. 


p .ercise o^^^^^ 

1 Pf frade hi the notification of the Government of India in the late Department 

SS—b and Land., No. F. Sg«/35-A. dated the Depart- 


JiUUUiSli't'lVJW.s a..— - , w ....... . ' . , ' o p 41 - ' 

¥ I if. ^rTiPfliile uBpe^^ notification in colimin31or tne-woms ^ 

ment of AAultnre' agaimt the entry - Holland ’ in column 3 the wor* ■ The Dmeotor of 1 lant 
Protection^ Service at Wagemngen shaU be substituted. 


Exteact 


Health certificates in respect of plant imports from Holland (Country of Origin) will m utme 
1 • 3 iinlu the authority of ‘The Director Plant Protection Service at 'Wagemngen and 

not T ‘ kSrtm^ of algricultui'e ’ as indicated in the first Schedule to Destructive Insects and 

Pests Act, 1914. 


u-i 
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/ESTIGATIONS ON THE RED LMF DISEASE IN AMEiHCAN (DTTOMS' 

1. RED LEAF DISEASE IN SIND-AMBRICAN COTTONS JN SJND 


By R. H. DASTUEf and Kaxwar Six«ii, Indian Central Clotton Coinmil tee, Born! 


(Received for publication on 10th December I9R>) 


T he redcleiiiiig of. leaves in American cottons has been reported to occur ever since this type of 
cotton was iiitrodnced in India. Burt and Haider [19191 reported this pheiiomenon in Gawiiiiore- 


K cotton was iiitroctuced in India. Burt and Haider [1919] reported this phenomenon in Gawiipcae- 
Ainmcaii cottons in the United Provinces, and later the .same 'disease’ was reportiicrby 
[192d] from .Dharwar and bv Prayag [1927-28] from Ivhandesh. The reddening of leaves, was, also 
foimd to occur in the Punjab during the years when cotton crop foiled in that Province [Milne, 1921 
and 192.2]. It was found to be present by Sawhiiey [1932] in Deccan Hyderabad. The red,, leaf 
' disease ’ was also of common occiuTe,iice in Sind [Dab'^al, 1938]. It was also found to occur ,iii:t,he 
Ameiican Upland cottons grown in Central India [Rao and Wad, 1936]. Tims it was a ' disease ’ 
appearing in all parts of India where American cottons were grown. 

As the red leaf in Jmsut/wm. cottons has been reported to occur under different <‘.omlitirms of soil 
and climate, it is possible that the causes that give rise to this common symptom in 1 lie I< 3 a.vos imi v l>e 
different. The leaves of kirstmim cottons have a tendency to redden whenever tliev bwRmie senescent 


either prematurely or at the end of the life cycle. It was, therefore, necessary to (letermine the 
different conditions under which this ' disease as it is generally called, occurs. 


The red pigment in the leaves of Jdrsultmi cottons is also found to develop as a result of injury 
caused by Jassicls [Sawhney, 1932]. The injury causes the death of leaf tissues iunl the red pigment 
subsequently develops. This investigation describes tlie red leaf that occurs in the absence of Jassid 
injury. 

itao and Wad [1936] have concluded that this 'disease ’ was caused by the bad soil conditions 
during the monsoon period in Malwa tract. They have also reported a higher osmotic pressure of 
the soil solution surrounding the diseased plants as compared with the osmotic pressure of the soil 
solution surrounding the healthy plants. Numerous determinations of the soluble solidKS in the 
soils from near the ' diseased ’ and healthy plants during this investigation revealed no differences 
that could account for such wide differences in the osmotic pressure. 

Dabral [1938] had differentiated the red leaf ' disease/ into different types of which one was 
caused by a deficiency of nitrogen and this was cured by the application of various fertilisers contain- 
ing nitrogen. It will be shown below that yellowing and not reddening was a symptom of nitrogen 
deficiency, and that reddening Was an after-effect that followed yellowing. In many cases reddening 
after yellowung did not. occur. It has already been shown [nastiir, 1939 and 1941] that yellowing 
of leaves that occurred in the Punjab-American cottons in the Punjab was caused by a cleficiency 
of nitrogen in light sandy soils where the development of the red pigment was not found to be of 


general occurrence. 


Invisstigation 


The red leaf ' disease ’ has been investigated in two tracts : (1) Sind and (2) Central India, where 
the soil and climatic conditions were quite different. The results so for obtained in Sind have been 
Bummariiied below/ It may be stated here that the work on the red leaf disease in American Uplands 
under rain-fed conditions in the Central India is at present in progress. 

The most important American cotton growing tract is situated in the low-er part of Sind where 
the acreage under American (^otton is nearly 75 per cent of tlie total acreage of cotton in the province. 
This region includes the Tharparkar district and tlie southern pa.i*t of the Hyderabad district, 
American cotton is also grown in the upper part of Hjderabail district and in Nawalishah tlistrict 


* This investigation was financed jointly by tbti Indian Central Cotton Committee and Sind Ckvvemraent 
t Formerly Professor of Botany, Royal Institute of Science, Bombay 
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oil ilu} f'iaiik of llio I mills river* ■ Very .simili areas are, uiKler Aiiierieaii cottons on the Eight 
Bank in Dadii and Larkana districts. 

I1ic yellow rcMl li^af disc*a-se in Sind-Arnerican cottons mainly occurs in soutii Sind wliich is the 
most important <-ntton i.vac.t in Siinl. This trouble appeared to he more iVevjucnt and widespread in 
this traet than in any otlier tnict. In fact it was found to be present every season. 

The previous iindings of iJabral [J938] were based on the wa)rk done at Sakrand which is situated 
in Ntiwabshali district in middle Sind where the red leaf is neither acute nor so widespread. It was, 
therefore, consid(u.‘<‘d in‘C(vssary to conduct the investigations in Tharparkar and Hyderabad districts 
where* this "disease' w'as of cf)nn.iion occurrence. The climatic comlitions in south oSind are known 
to he differmit from tlie climatic conditions prevailing in middle Sind and it therefore appeared likely 
tliat this difference in tiie climati(' conditions may be associated with the more widespread and 
a common occiircnc<‘ of the ' disease ’ in the former tract. 

Observations made on tlie cotton crop in Sind during the cotton season of 194:2-43 showed that 
theieddening occurred in two ways and this difference has been, on further investigation, found 
to be of such great importance that the red leaf has been classified into two main types. In one 
type the change in colour of the leaf from green to red takes place through the intervening stage of 
yellowing. The leaves first timi pale and yellow before the rsd pigment develops. In this type of 
reddening, the ]ea\’es sometimes turn deep red or scarlet in colour. In the second type the change in 
colour fixiui green to rcnl occurs without the intervening stage of yellowing. The leaves in such 
cases urn bronze or cop])er coloiu*ed. The two t}q>es can be distinguished from a distance. Both 
llic types have l^een found to occur in the different parts of the same block of land in Sind. 

The analysis of the soil samples taken from the spots where these two types of red leaf occurred 
revealed important differences in their physical properties (Table I). 

Table I 


Mechanical analysis of the soil under yellow red and green-red Sind American cottons 


Dejah in feet. 

■ ' 

(Jlay per 
cent 

Yellow-red 

Sill per 
cent 

Sand per 
cent 

Depth in feet 

ist foot 

7 

14 

76 ■ 

1st foot 

2nd foot 

11 

17 

72- j 

2nd foot . 

3rd foot 

9 

26 

64 

Srd foot . 

4th foot 

9 

34 

56 ! 

4tii foot . . . 

5th foot . 

15 

39 

.45 1 

5th foot . 

6th foot 

■ 23 ■ i 

1 

54 

“1 

6th foot . 


Qreen-red 


Olay per 
cent 

Silt per 
cent 

Sand per 
cent 

24' 

30 

46 

37 

32 

31 

43 

40 

17 

45 

45 

10 

48 

46 

6 

48 

i 

44 

8 


The soil under yellow-red type was light sandy containing a very high percentage of sand and 
low percentage of (day while the soil under green-red type was heavy containing low percentage of 
sand and high percentage of clay. 


The physical texture of Sind soils varies inbetween the two limits given above and it would be 
difficult to (distinguish the yellow-red from the green-red when the proportions of sand and clay of 
fractions are inbetween these two extremes. It was, however, noted that the yellow-red type was 
diB.inguishable when the soil was composed of about 60 per cent or more of sand and 8 to 12 per cent 
of clay. Umh^r lesser proportion of sand fraction yellowing prior to reddening could not be properly 
distinguished. 


YELLOVV-liEU LEAC' iN SiKD-AmEKICAN COTTONS 


it was experimentally proved in th(i cotton season of 1943-44 that the yeliow-red leaf occurred 
on account of a deliciency of nitrogen in such light sandy lands. A light sandy field where the red 
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Imf was reported to occur in .previous seasons was selcered at Deuisar Estate. Xaliisar Hoad, Bind, 
i sowing date-ciim-maniirial experiment consisting oi' eight randomized blocks of’ four main plots 
each, for four different sowing dates was laid out. Eacli main plot was spitt into two siib^filots for 
control and H3 lb. N per acre treatments. Nitrogen 'was applied in the form id' sulphate »d\intmonia. 
o!,:i the 5t]i June. The variety was L.S.S,, a Punjab-Anieriean varietv grown on this estate. 

Observations on the crop showed that the leaves turned first paie and later ris! <hiriiig the fruiting 
period in the months of August-Septeoiber in the unmamired |)lots of the first: tw«> sowings widle 
it was green in all the manured plots. The yellow-red leaf geufunll}' occ‘um*d at a much later date 
in the 3rd and the 4th sowings of the uimianured plots. Manuring wa.s a, Iso found tf^ fia-vi* a biuiidlcial 
cffe(*t on yields but the inereasi^ in yield caused by manuring l>i*Cian<* less arc] loss .is the Si>u ing <late 
advanced {Ta.ble II), 


Table II 


Yield in niamids per acre 


Sowing date 



23/a 

6/4 

20/4 

4/5 

ACeaii 

i 

S.B. 

Bianured ...... 

18-1 

19-1 i 

17-0 

14*5 

l,7-2 

±0-.j0 

Unmaniired .... 

11-7 

13-a 

14*1 

13'2 



Mea,n (±0*76) . 

14*9 

16-3 

15*6 

13-9 

15*2 



Another similar experiment to study the effect of the application of sulphate of ammonia on the 
yellow-red leaf in Sind- American cottons in light sandy land in the middle Sind was laid out in the 
same season at the Agricultural Research Station, Sakrand. Though tln^ fields select d were light 
sandy there 'were saline patches scattered irregularly all over the area, Tlif‘ experiment consisteil 
of three randomiiced blocks of 12 main plots each in which all eoinbiiiations uf four sowing dates (14th 
May, 3rd June, 24th June, 17th July) and three nitrogen treatments (control 40 lb. N per acre in 
the form of sulphate of ammonia at sowing and 40 lb. N per acre in the Ibrm of sul|)hate of ammonia 
at flowering) were randomized. Each main plot was split for four varieties {.J4, Sim.l Sudhar, 289Ey 
K25 and 289F/124). Thus it was intended to study the effect of the luirly and late application of the 
manure on the development of the red leaf in the case of two Sind-Aineriean (M4 and Sind Sudhar) 
and two Punjab- American varieties (289E’/K25 and 289F/124). 

The yellowing of the crop was first noticed in the month of Septemlau' in the first sowing while 
it did not appear in the fourth sowing in the uiiinanured phjts. The manured plots showed no 
yellowung except in the case of the first sowing where yellowiiig develo}>ed in October indicating that 
the dose of nitrogen applied did not prove adeApiate to prevent yellowing in the early sown crop. 
It was also noticed that though there was yellowing of the leaves thei-e was veiy little leaf reddening 
in this experiment. The crop was however very patchy in most ot the plots on ae(a>unt of the 
presence of alkali or »saline patches. In such patches the crop <lid not show yellowing. 

There w^as a significant increase in the mean yield of all \'arieties as a result of late application 
of sulphate of ammonia. The early (at sowing) or the late (at flowering) application of the fertilizer 
proved equally effective in increasing the yield of two early maturing varieties M4 and 289F/124 
while the late application of sulphate of ammonia proved more efficacious than the early application 
in the case of two late maturing varieties, Sind Sudhar and 289F K25. Tims application of sulphate 
of ammonia lessened the yellowing of leaves and increased the yields. It also increased the seed 
maturity as the boll weight determinations showed (Table HI at B). There was signific'ant increase 
in boll weight (i.e., seed cotton per boll in gm.) in manured plots and late ap|))ication was found to 
give the maximum increase in boll \¥eight. 
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Fiirtliei’ ex|>orimental evidence to show that a low nitrogen content of the leaves was associateil. 
with the vellow-ivd leaf was obtained in the cotton season of 1944-45. A common experiment on 
sandy fields at three places^ viz., Nabisar Road, Hyderabad and Balcnaiid was laid out. It consisteil 
of all comhiruitions of two sowing dates, two levels of niti'ogen. (f>. 50 lb N at flowering) and two 
spacing^ (n1 2 ft. and s2 = 2-| ft. between rows). Each plot was split t() aec()mnK)date three 

To.ihdies M4. Siml Sudliar,, and L.S.S. In order to correlate the yellow-red leaf witli nitrogen con- 
tent, fortnightly leaf sain]»les from two replications of all the 24 combinations in the experiment at 
'I t 4 vo c(*iitres, atiz., Naliisar Road and Hyderabad were taken. Four plant sample under wide spacing 
and right plant sample undex close spacing were taken at random in duplicate. The leaves were 
analyzed foi' nitrogen. Regular observations were recorded on the appearance of the red leaf under 
earii treatment at the time of sampling. The results of nitrogen contents of the leaAms are given i!i 
Table IV. 



Tlie study of tlie results of the nitrogen contents of the leaves in relation to t he time of appearance 
and the sprea<l of the yellow-red leaf at the tAvo centres disclosed in general tej'ms the following reLation- 
ships betweem the AadloA\--red leaf and the nitrogen contents of the leaves under different treatments. 

.M4 on the whole shoAved the least yelloAving and reddening of the leawes Avhile L.S.S. showed 
the symptotns at a very early stage and in a very intense form. The crop of M4 remained green 
even in tlie unman u?*ed condition up to the end of the fruiting season AAdiile L.S.S. showed yellowing 
and reddening even in the manured plots of the first and in some cases of the second sowing. The 
concentration of nitrogen in the leaves of M4 remained significantly higher at each stage of growth 
than the concentration of nitrogen in the leaAms of the other two varieties. The leaves of L.S.S 
shoAA^'ed the least concentration of nitrogen (Table IV). Thus yelloAA^-red leaf appeared to be definitely 
related to the nitrogen concentration in the leaves. 

The manured plots of all the A^arieties showed much less yelloAving and reddening than the 
corresponding unmaniired plots during the fruiting period. These symptoms appeared only in the 
leaves in some of the manured plots of the first soAvings of L. S.S. or Sind Suclhar. The concentration 
of nitrogen in the leaA-es of the manured plots was also found to be significantly higher at each stage 
of growth than the concentration of nitrogen in the leaves of the control plots (Table IV). 

The late-sown crop generally shoAved less yellowing and reddening than the crop sown early. 
The concentration of nitrogen in the leaves of the late-sown crop Avas found to be significantly higher 
at each stage of growth than the concentration of nitrogen in the leaA^es of eaxly-sown crop. 

It Avas clear that yellowing and reddening of the leaves in American cottons in Sind was associa;ted 
with a low concentration of nitrogen^and Avas a symptom of nitrogen deficiency. It may be stated 
here that the selection of plants for analysis of the leaves was at random. The plants were first 
randomized and then taken for analysis at each date. The term yeilowing-reddening used above 
does not necessarily mean that each and every plant in a plot or all the leaves of a plant had turned 
yellow-red. Though the general appearance of the crop in a plot indicated yellowing, some leaves 
of some of the plants may be green or pale green. 

The aboA^e mentioned conclusions regarding the relation of nitrogen content and the yelloA^^- 
red leaf were further supported by the yield data obtained in the common experiment (Table V). 

M4 gave the higl^est yield both under manured and unmaniired conditions at all the three centres. 
It had the highest nitrogen content and was found resistant to yellow'-red leaf. Manuring gave 
substantial increases in yields varying from 2*62 to 5*40 maunds per acre. It has already been shown 
above that manuring had increased the nitrogen content and had at the same time decreased the 
red leaf. 

Explanation op the frequent ocourrence op the red leap trouble in south Sind 

The complaints of red leaf were generally received more frequently from southern parts of Sind 
than from middle Sind. The yellow-red leaf was found to be generally present in many fields in the 
'ormer tract. How can the greater prevalence of this trouble in the southern parts of Sind be ex- 
]>lained if nitrogen deficiency in light sandy soil was the root cause of this trouble as light sandy lands 
were as Avidely distributed in middle Sind as in south Sind ? The red leaf trouble was found to be 
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TablrIH 

Effect of the applieciHon of sulpitate if luu/tioiriif on //rlloii'-rrd li-nirn 



Yie,h 

A 

i ill maiinds per acj 

■c* 

! 

. 

Weight 

U 

of ( 

in 

oil on pe 
iin. 

r l.)oll 



.Sulphate 

of 

Animoiiia 

Sulphate 

of 

ammonia 

■-Mean 



Sulphati* 

uf 

aminO” 

riia 

Sulphuitt 

of 

ammo- 

nia. 

Mesifi 


Control 

liefore 
sowing 
(40 ib. N 

at ' 

flowering 
(40 ib. N 


1 roi 

before ; 
sowing 
(40 III. 

liowi*r- 

i!ig 

(40 lb. 

(-rt00!)2| 



pcur acre) 

per acre) 



1 

N i)lT 1 

sujfcl 1 

i 

X per 

acre) 


M4 . 

Il-O 

13-7 

13*5 

. 12*8 

1 M4 

2*05 

i 

: 2'!);! 

1 

2*93 ; 
249 j 

2*84 

Sind Sudhar 

■■9-8 

10-4 

13*1 

n*i 

* Sind Sndliur 

2*22 

2-54 

2*35 

280F/K.25 

9-8 

11*7 

14*3 

1 1 *9 

1 389K/K25 , . 

[ 2*58 ‘ 

3*05 ' 


289.F/124A 

• 9-7 ' 

12*7 

13*2 

1 1*!S 

j 289F;!24 

2-7,.l: 

1 2*78 

2*83 

2*'7'7 „ 

■Mean (±0-85) . 

10*1 

12*2 

13*5 


j Mean (;b0*103) 

1 : 

2*53 

1 

2*82 1 

I 

t 


Table IV 

Mean percentage nitrogen in leaves on different d a tes at two centres 
Denisar I Hyderabad 


Denisar 

Varieties 


Date of sampling 


28tli Jttly * 

1,3th August 
.29th August A 
14th September 


M4 

Sind 

Sudhar 

''KBS. 

as. : 

3*22 

2*96 

2*83 

0*041 : 

3*08 

2*87 

'2*75 

0*047 

2*51 

. 2-30 

2*21 

A-035 

2*21 

1*88 

1*74 

: 0*058 


Varietk^s 


Date of sampling 


23rd July , , . 
7 th August ;■ . 
23rd August ■ .■ 
7tli September 
23.rd September 


Nitrogen 


M4 

j Sind , 
Sudhar 

LSS. 

S.E* 

3*47 

3*19 

.2*96 

0*028 

3*14 

2*91 

2*70 

0*020 

2*06 

2*46 

2*60 

0*022 

2-31 

.2*07 

1*87 

0*022 

1*79 

1*64' 

1*47 

0*031 

Nitrogen ; ■ 



/Mjmured ., 

Control 

S.E. 

28th July . 

3*32 

2'(>8 

0-052 

I3th August 

3*31 

2*49 

0*055 

29th August 

2*66 

2*03 

0*062 

14th September 

2*14 

1*75 

0*058 


Sowing date 



Manured ! Ckmtrol 


23rd July 
7tb August 
23rd August . 
7th September 
23rd September 


Sowing date 


28th July . 

13th August 
29th August 
14th September 


23rd July 
7tli August 
23rd August . 
7th September 
23r<l Septembm- 


r 
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even of less freqiieiit (■>ccuiTe!ice in the Punjab than in middle Sind even though there are vast a-reas 
ill tluf Fiinja-b wliieii are liglit sandy. . 


' ^ ! 


Table V 

Yidi in maunds per acre 


! 

__ 

'1 ! 

Denisar 

Hyderabad 

Sakrand 

Mean 

InereaBO 
due to , 
mamiring 

Control 

Manured 

Control 

Manured 

Control 

Manured 

Control 

Manured 

M4 . . . . 

10-36 

14-17 

14-67 

18-84 

11-55 

15-66 

,12-19 

16-23 

±4-04 

Siud Hudliar 

7-56 

8-94 

11-06 

14-61 

0-89 

15-20 

9-50 

12-92 

± 3*42 

LXS. . , . 

8-S(> 

11-50 

12-38 

17-01 

7-98 

14-75 

9-74 

14-72 

±4-98 

|j Mm>% 

8-92 , 

11-54 

12*70 

17-12 

9-80 

15-20 

10-48 

14*62 

±4-14 

i Increase due to manur- 

-1-2- 

62 

±4-42 

±5-40 


±4-14 



! . ‘ < ing 

1 









' S.E. (Varieties) . . 

±0-251-= 

2*45 per- 

±0-326-= 

2-19 per- 

±0-695 = 5* 

58 per cent 




^ ' S.E. (Nitrogen) . 


cent 


cent 






• 

±0-502=- 

4-01 per- 

±0-549= 

3-68 per- 

±0-587=4-71 per cent 




Ml, , 


cent 


cent 


i 






(a) Flowering periods 


Sonth Sind (Denisar Estate) Middle Sind (Sakrand) Punjab (Iqbal Nagar) 


Main flowering and Jmrvestmg periods of the three varieties 'at the three centres 


M4v, , 

Sind Sudhar 


{b) Harvesting periods 

September to October i October to December 
Mid-September to early November to January 


October to December 
November to January 


Further investigations conducted on this problem have revealed that the widespread occiiiTence 
of yellow-red leaf in southern parts of Sind was a result of the interaction of soil factor with the 
climatic factors prevailing in that tract. 

Two Sind-x4merican varieties, M4 and Sind Sudhar, and one Punjab- American variety, L.S.S., 
were grown at three centres in south Sind (Denisar Estate, Nabisar Eoad), in middle Sind (Sakrand) 
and in the Punjab (Iqbal Nagar). A common sowing clate-cum-varietal experiment was laid out 
at the three centres. Though the object of the exi^eriment was to study the growth of these three 
varieties under different sowing dates and under the climatic conditions prevailing in the three tracts, 
the observations made on the onset and the completion of the reproductive phase provided evidence 
for the cause of such frequent and widespread occuiTence of the yellow-red leaf disease in south Sind. 
During the above mentioned study regular observations on the initiation and the completion of the 
reproductive phase of each of the three varieties at the three centres were recroded with a view to 
determine the main flowering period aigd the harvesting period. It was expected to provide informa- 
tion regarding the relation of climatic factors with the initiation and the completion of the reproductive 
phase of a variety. The main flowering and harvesting periods at the three centres for each variety 
are given in Table VL 

Table VI 


M4 . 

Sind Sudhar 

L.as, 


17tii July to 17fcli August iOth August to 10th Septem- 16th August to 13th Septem- 
ber her 

Sth August to I5th September 20th August to 20th Septem- 23rd September to 19tb Octo- 
ber her 

30th July to 30th August 25th August to 20th Septem- 15th September to iSth Octo- 
ber her 
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ill soiitli Bind there was an early initiatioii'ofVflowering aiid setting and early m 
fruiting niid (X)nse(|U(‘ntly early finishing of the-crop. . .The general piekings in this tract 
hv tlie^first <)r the see.oini week of September and were almost eoiupletecl hy tlie end of tje*toher 
beginning nf Koveinber at the latest while in middle Sind and the Punjab the |)iekings begjin by 
second or the third week of October and %vere almost complete by the end of l)eceini>f*r. The. 
liiiislie.d off more qmcklyj.ha., in less than two months, in/sonth Bind than in middle Bind and 
tln^ ihmjab. This in the ^setting and maturation of th(‘ er(*p (.‘ould l)e explained by the 

rliffer'cnces in the climatic conditions prevailing in these tracts and these will he pointed out b<‘!ow. 

Earliiiess or lateness of a variety is its inherent clia.racter but it can he modified by the eliniatic 
factors, as has been clearly brought out by this investigation. An early mat^iring variety may Ijeeome 
late in a different environment and vice versa. L.S.S. which is a late maturing variety in its natural 
environment in the Punjab became early %vhen grown in south Bind. It flowered, fruited and finished 
off earlier in the latter tract than in the former tract and in middhj Biml (Table VI). Similarly A14 
which is an early Sind variety became comparatively late under the Punjab and middle Sind conditions. 
Thus the inherent character of eaiiiness or lateness could be shifted forward or backward by climatic 
conditions even though the relative differences between an early and a late variety would still persist 
in a given environment (Table VI). M4 always matured earlier than L.S.S. in soiitli Sind or in tlie 
Punjab while L.S.S. always matured later than M4 in the same two tracts (Table VI). 

The differences between the flowering and the harvesting periods in south Sind on one ham I 
a!ul the middle Sind and the Punjab on the other hand could be explained on the basis of the 
diflerences in the maximum and minimum temperatures and livimidity prevailing in these tracts 
(Table VII). 

Table VII 

Monthly means of minimum temperatures and JmmiiMy 


Maxiaium 
Minimiim . 
Humidity at 8 A.M. 


Maximum 
Minimum . 
Humidity at 8 A.]M. 


Maximum 
Minimum . 
Humidity at 8 A.M. 


April 

' ■ M,iiy , ■ 

June 

July August 

Septem- 

ber 

October 

Novem- 

ber 

Decem- 

ber 

102-0 

107-2 

i 1 

South Sind (Hyderabad) ^ 
104*2 ) 99-2 1 95-9 

97-4 

■ 

97*9 

89-1 

79-0 

72-1 

78-2 

81*7 

80*9 79*0 

76-2 

70*1 

5H-9 

52-3 

47 ■ 

, ■ 54 

62 

68 70 

68 

56 ' 

52 

55 

102-0 

111-0 

Middle Sind (Saki’and) 
110-0 104-0 102-0 

102-0 i 

101-0 i 

89-0 

■ 78-0 

67*0 

77-0 

83*0 

83*0 80*0 

75-0 

65*0 

.54-0 

46-0 

53 

53 

63 

71 73 

. 74 

. 68 

69 

76 

97-9 

KH5‘9 

1 j 

Punjab (Miiltan) 

108-3 I 104*3 i iOi-2 

100-5 1 

95-9 

1 

84-8 ' 

73-5 

"'68*4 

78-1 

84*2 

84*3 82*6 

77-5 1 

65-1 

53-5 

45-0 

47 

42 

1 

50 

63 j 68 

■ ■ . i 

65 1 

: ■ ' . ■ i 

56 

60 

69 


There was an early fall in the maximum temperature from the month of July in south Sind and 
it remained Io\ver throughout the remaining part of the season. The minimum temperatures were 
throughout higher during the fruiting and maturation period (August — October) in south Sind 
• while in middle Sind and the Punjab the later part (Octobei* -- December) of the fruiting and matura- 
tion period was characterized by a rapid fall in the night temperatures. The differences between 
maximum and minimum temperatures are also of a lower magnitude in soutli Sind. These differences 
in temperature betwcxm south Sind and middle Sind and the Punjab may l)e rcsp()iisii)le for the early 
initiation, setting and maturation of tlie crop in the first tract, as (‘xplained below. 

The fall in the maximum temperatures in July in south Sind gave rise to an early initiation 
fruiting branches. High temperatures as shown by Balls [i9Ll] retard the stem growth as well as 
formation of flowering branches. The fruiting branches are not formed as soon as the temperatures 
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drop buff ibs (dfect lK-)coines \dsiblo;after a lapse of ceiFaiji period Iroiii the day tlie tefiiperatiire 
begins to fall. T!ie lower temperatures in August in south Sind also helped in the setting of bolls. 
As tluu'c was no great fall in the night temperature which remained well above 70"’F. during the 
bulling and maturation period, the bolls matured very rapdily. As a result of nimierous deterinina-^ 
tioiis it was found that the maturation period of bolls for all the three varieties generally varied from 
to 39 days. The crop therefore became early and finished off early, before the night temperatures 
fell below. 7(fF. 

In middle Sind and the Punjab the temperatures began to fall in August and the initiation and " 
the setting of the crop began to occur from the middle of August or the beginning of September 
accorditig to early or late habit of a variety. The maturation period of bolls coincided with falling 
night temperatures. The night temperatures in October fell below 7CbF. and they were still lower 
in tlie montlis of November and December (Table VII). Consequently maturation occurred at 
a slower rate so much so that the maturation period of bolls increased from 45 days to 70 days. The 
Biaturation period of bolls of all varieties was found to increase from 40 days in the bolls set in August 
to 70 days for bolls set in October. The late set bolls continued to open up till the end of December 
or beginning of January in the late liiatiiring varieties. 

The entire flowering period in south Sind w-as also found to be comparatively shorter than in 
the Punjab and consequently the boll formation also ceased earlier. This may be an additional 
factor that contributed to an early finishing of the crop in south Sind. 

»» Though no differences in humidity recorded at 8 A.M. were found to exist in the three tracts 
during the reproductive phase, the limnidity during the day was known to be higher in south Sind 
than either in middle Sind or the Punjab. It is also likely that higher humidity during the day may 
minimise abscission and may th us cause an early setting of bolls. Thus higher humidity may also 
contribute to an early setting and thus indirectly to an early maturation of the crop. 

It has already been shown by the senior author [Dastiir and Ahacl, 1941 and Dastur, 1941] that 
the nitrogen content of the leaves began to decline when the reproductive phase set in and the leaves 
began to turn pale and yellow'' when their nitrogen content fell to 1*5 per cent of the dry matter of 
the leaves. The rapid maturation of the crop in south Sind brought about a quick depletion of 
nitrogen in the leaves and the nitrogen content of the leaves, therefore, fell much below that level 
when yellowing started. The nitrogen coptents of Sind Sudliar and L.S.S. under unmanured condi- 
tion had fallen to 1-5 per cent as early as the first week of September (Table VIII) in the April-sown 
crop. The drain of nitrogen in the leaves was so great that young and mature leaves along with old 
leaves were found to turn pale and yellow. The nitrogen content of the leaves on manured land 
remained much above 1-5 per cent during the maturation period and consequently yellowing did not 
occur even though the crop matured equally rapidly. 

The cotton crop under middle Sind and the Punjab conditions matured slowly on account of a 
fall in temperature in October and there was, therefore, no such rapid depletion of nitrogen from the 
leaves. The nitrogen content of the leaves of 4F remained above 1*5 per cent up to the end of 
November, It was higher even in the month of November in the Punjab than in the month of Sep- 
tember in south Sind in the May-sown crop (Table VIII). 

The yellowing, therefore, occurred in the Punjab towards the end of the maturation period 
except on light sandy lands. On the latter type of land yellowing occurred towards the end of 
September and it was found to be accompanied with a low nitrogen content in the leaves. 

Gonolusions 

The yellowing and the subsequent reddening in hmutum cottons in Sind, therefore, occurred, 
oil account of the operation of two factors : (1) light sandy lands deficient in nitrogen and (2) higher 
night temperatures during the fruiting period causing a rapid maturation of the crop. In the Punjab 
and middle Sind yellowing occurred on account of the operation of the soil factor alone. Light sandy 
soils, are widely distributed in all the three tracts but quick maturation of the crop in south Sind on 
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Table VIII 

FerecMaga of nUrogen in leaver in south Sind and the Punjab 


lira aniy 

7th August, . 
lird August 
Till September 

‘M\\ St‘ptember 


j ■ ■ ■ ■ ■ ■ 

Hyderabad {goiitli Sind) 

■ 1 

Date 

Sown on lotli April ! Sown 

I 

on 22nd 'M^y 

m:4' 

S.S. 

L.S.S. M4 

S.S. 

L.S.S. 


2'65 

2-32 

2-29 3-70 

3*29 

3-07 

24 til duly 

2-56 

2-07 

2'00 3-33 

■ 3-22 

■ 2-89 

sth Auya^i . » j 

2«32 

1-83 

[•80 2‘1-1* 

2*08 

2-09 

22nfl Augii.si . A; 

:iA)o 

1 -oo 

1-49 2- 14 

1-87 

i-77 

dtli Sejit timber » 1 


1-30 

Mo 1-SS 

1-46 

1*46 

1 91 li September • | 






3rd Oettiber . • ’ 






18th (Jetober . ♦ . 






]«t, November • : 


. 




15th November * ■ 


i.yallpiir 

(Ihiiijab) 


Ntnvii , 
on I4tii ' 
ibiv 
4F 


Sown 
oil -i^t 
J uae 
4^ 


account of tiie prevaiiiiig higlier nigiit temperatures at tnat tame caiLsud u.. --r- - 

laads wliich were not very deficient in nitrogen, i.e., it spread to lands where nomiallv the pienia r 
vellowino' did not occur under Punjab conditions. The red leaf trouble was, therelore, wn . - ■ 

bread in south Sind than in the other two tracts. The variations in the nitrogen status ot 
from field to field caused variations in the intensity and the time of hs appearance. I re m e s 
and the spread of the red leaf trouble can also increase in south Sind if the month ol 

characterized by spells of higher temperatures thannorniala-sthey woukl further hasten t ie ma^m . 
tion process and cpiicken the depletion of nitrogen from the leaves. Wherever the e . j 
depletion of nitrogen, the entire plant turned yellow-red while wherever the depletioi ■ 

S, some leaves turned yellow and some remained normal. The tune of 

intensity of the yellow-red leaf trouble would also be influenced by the previous crop, bv manun ^ 

and by fallowing. - _ . ,*.i 

The remedial measure for minimising the. yellow-red leaf in Sind -^’^erican cottons in sou i 
Sind along with the method to be adopted for giving practical effect ou zammdars lands 
described in the next contiibution. 

Summary 

As the red leaf in American upland cottons {G. himilim) has been reported 
narts of India where the .soil and climatic conditions are known to vary greatly, it mller ’ 

iaiises that give rise to this symptom of reddening may also be different. It was, *-> “ . 

Sen to Westigate the problem in the irrigated tract of Sind and the mn-fed tract of the central 
India. The present paper deals with the investigations conducted in Smd. 

Two tvoes of reddening depending on the physical properties of the .soil have been diyoverei : 
o.» n Ai°h the etas, if colo,S oce.u, teem gc«„I to velio.e ami ti.ea to ,e.l and he »tond 
Zo Aete the change is direct from green to red. Theee are two o.rtrenlea between which inter- 
mediate stages in the twm types of reddening may be found. 

Complete experimental evidence has been produced to show that the 
hv ‘1 deficienev of nitrogen in the leaves of plants growing on liglit sandy lands. The loaics 
which showed this type of reddening during the fruiting phase contained significantly less mtroge.i 
than the leaves of plants wliich were green m colour. , . , . , 

M4 which showed these symptoms in the least degree was found to coiitam uglier couceutra- 
tioo “iitogei. tathe leave, ai Ah etage of growth than the leave, ot L.S.B. and Sind Sndliar which 
suffered most from this ' disease ^ 
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TIic plants iiiaiiiired witli sulphate' of aiiimouia did not show tJie y,ellow-red leaf while the syiiiptoin „ 
was found to be present in' the umnamired plants in the same field. 

Lat<^ sown crop slioived less yellow-red ieaf than the early sown plants and' the nitrogen eoiicentra- 
tioii was higher in the former than in the latter. ■ 

In addition to the amelioration of yellow-red leaf, manuring significantly increased the .yields .' 
of seed cotton per acre. . 

The more frequent and widespread occurrence of the yellowy-red leaf in south Sind tlia.n in middle ' 
Bind and in the Punjab even though sandy lands are common in all the three tracts, has now been 
explained. Tim addition to the soil factor, viz., sandy nature of the soil, the climatic conditions in 
south Bind operated in the widespread occurrence of the yellow-red leaf in that region. On accoiiot 
of an early drop in the temperature in July there was an early initiation of flowering. Higher da.y 
humidity in this tract reduced abscission and favoured setting of bolls. The maturation period in 
August, September and October coincided wdth high night temperatures which hastened the boll 
development. A large number of determinations revealed that the inaturation period of bolls varied 
from 53 to 39 days. The crop finished oft* in two months, i.e., in September — October. In the 
Punjab tliere w^as late initiation of flowering in September on account of very high temperatures in 
July and August and the fruiting period therefore coincided with falling night temperatures in October, 
November and December. The maturation period of bolls was found to vary from 45 days to 70 
days. The crop finished oft* at the end of December or the beginning of January. 

The rapid maturation of the crop in south Sind caused heavy depletion of nitrogen from the 
leaves which consequently became senescent, turned yellow; and red. Thus the red leaf trouble was 
accentuated and it spread to lands w^here normally this 'disease’ did not appear under middle 
Sind and the Punjab conditions. 

A practical method of locating such fields where this trouble is likely to occur is beuig worked 
out aiid will be reported in the next contribution. 
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(With Plates 

{ M the report on the vTork of the Imperial Council of A.i^ricultiiral Research in applying science 
crop production in India, Sir John Russell reconirnended that more systenn itic schenres of maniiriai 
trials were necessary in order to test the relative values of nitrogen in artificial fertilizers, farruyartl 
nianuro and composts, and the values of phosphate and potash. Acting on these recommendations, 
the sub-committee on field and manurial experiments, at its meeting held in November 1938, recom» 
numded standard designs for oxmurial experiments on rice to be carried out at different centres. 
Experiments oix the effect of nitrogenous and phosphatic fertilizers alone, and in combioation, a 
{)n organic and inorganic manures and their mixtures were started at the Rice Research Station, 
Raipur, in 1 939 and were continued for five years. Investigations on the effect of oil-cakes and compost 
were begun in 1942 and liave been continued for three years. The results of these experiments 
are summarized in this paper. 

Previous work 

The results of manurial experiments on rice carried out at Govermnent farms, Raipur. Wara- 
seoni and Jubbulpore, prior to 1930, have been reviewed by Allan [i932|. These trials have shown 
that botli cattle-dung (6,000 lb. per acre) and green manure Sunn hempor Crotularia janem, (8,000 lb. 
per acre) are very effective in bringing about Bigniffcant increases in yield over no manure and the 
addition of phosphates (2 cwt. bone nieal per acre) consiilerably increases the efficiency of bulk 
organic manures. Green-nianiiring, however, is restricted to areas where irrigation before the mon- 
soon is an economic possibility and this renders the practice unlikely to have any widespreail appli- 
cation. 

On the lighter soils the application of soluble phosphoric acid (1 cwt. superphosphate per acre) 
is profitable and distinctlv more effective than bonenieal. In absence of phosplioric «acid, the effect 
of nitrogenous fertilizer (amnionium sulphate) is barely significant. 

The application of Nicifos II at 180 lb. per acre is profitable. 

The results of manurial experiments on rice conducted in the Provinces and States of India 
during 1932-38 have been analyzed in the publications of the Imperial Council of Agricultural Research 
[Vaidyanathan, 1938] and hace been brought together in the form of a bulletin by Sethi [1940]. 
Sukhatme [1941] has presented a test of significance for profit which has been adopted in this paper* 


Experimental results 

Experimenf 1 (a) — Effect of nitrofjemus mid jikospliatie applied aiom mul fn eonibimtifm 

on the yield of paddy. Soil— Heavy, Dorsa (day loam) 

Desifin, The experiment was a 3x3x3 factorial design \vith four replications, each replicate 
having 27 treatment combinations. Three sub-blocks of nine plots each were used in each repli- 
cation, confounding 2 degrees of freedom with block differences. 

Tmilments (rates of The factors employed were — 

Nitrogen at three levels— -0, 10 .and 20 lb. per acre, in the form of ammonium sulphate {20 per 
cent N.). 

Phosphoric acid at three levels— -0, 10 and 20 lb. per acre, in the form of douWe superphosphate 
(40 per cent P.2O5). 

Varieties— three, R6 Budhiabako (late), RIO Chhatri ^C fine, scented, medium ripening) and 
R2 Nungi (early). 

The experimental field wtis located in block V of Labhandi farm. Raipur. 

The soil w^as of a heavy type —Dorm (clay loam)— containing nearly 48 pet cent clay, 5 per e 
fine silt and 8 per cent silt (Appendix .4 


0 
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Tiie iiltiiiiate si/^e of tlie plot wm l/4:0tli acre (ITI- ft, X 01~|- ft.) witt :2.| ft. a,.s ;iuei-expt‘]*ii}it‘iif'al 
•maniin. ' ■ 

AqriPfdfiiraL The inethod of eiiltivation hlaslA' No basal. nia?iiin!ii' wjis aivtci ;ui(i iUv 
fertilizers were applied two weeks after bum. The crop was irrigated aial tl-e i'otatiraa r\'<;ry ye;ir 
was rice after rice. 

Table I 

Effeet mtrogenom and jdiospJifMh fertiUzers applied alone <md in eomhination on the ijicld of paddy 

Combined results of five years, 1939 to 1943 

iSo/L~l)orsn (f/ffy 



0 lb. N-r 0 lb. P2O3 
0 lb. X-MOlb. }V)3 

Dib. ^r + soU). p-A. 
10 ib. N -f- b lb. PaOs 
iO l]).N-l-10Ib. IVL 

10 It). M -t -20 lb. P-jOi , 
lift Ib. 0 Ib. P 2 O 3 
20 11.. NX- 10 lb. P .,05 
20 lb. N -1-20 lb. P.,0,, 

Olb.N-l" Oib.PaOs 
Oib.'N-l-lO lb. P-Pb 
0 It). N l-20 Ib.PiO* 
lOU). NX- 01b. PaOj 
10 Ibi K-rlO lb. PP>,, 
10 U). N-r20lb. PsOs 
20 lb a \- 0 lb. PaOg 
20 lb M 10 lb. leOr, 
20 lb. N T 20 1!>, Pa<->;. 




Increase 


At [)re-\var prices An? 

fUst 1029 

At rates iiri 

‘S'ailiii},^ in i')oeein!,)er 
: ' 1 042 

Treatineots 

yield 

Ih e years 
ill 11). 

over no 
inauuie 
ill lb. 

Perc-eiitage 
of inerease 
over ao 
laaiiure 

Value of 
extra 
yield 

Cost, of 
ferti" 
lizcr.s 

ProOt 
ur loss 

Value of 
ex! t';i 

yield 

Cost of 
f. n i- 
lizcrs 

Idx.fii 

Per acre 

0 H). X+ 0 Ib. P-P),, . 

Per acre 

.088 


ti() ilate) 

Its. a. . 

, Its. a. 

Es. a. 

■■ Es. .a'. 

, ,Rs.' a. ■" 

Es.'a. 

0 11). X-f 10 Ib. PPL . 

1,107 

200 

21 

4 2 

1 15 

2 -1 

12 15 

4 0 

. 9 ' 0 

0 lb. X i 20 lb. pp>f. . 

1,222 

245 

25 

4 14 

2 15 

0 15 

10 5 

8 12 

7 V 

JO lb'. N -t- 0 lb. }>p)g . 

1,272 

284 

20 

7 11 

2 15 

4 12- 

25 10 

0 2 . 

10 s 

10 lb. X:-10 lb. PPI.,, . 

1 ,502 

C04 

01 

12 J 

4 14 

7 2 

4<( 4 

10 8 

• 29 '12 

10 lb. N r20 lb. PP>,, . 

1 ,05.0 

071 

08 

12 7 

0 12 

0 10 

44 12 

14 14 

29 14 

20 11). XP Oil). PPL . 

1,501 

512 

52 

10 4 

5 l:l 

4 7 

24 '2 

12 4 

21 15 

20 it). X-i-10 lb. PPh . 

1,<)76 

088 

70 

12 12 

7 12' 

0 0 

45 14, 

10 10 

29 ' 4 

20 It). X L20 It). Pp.>n . 

2 122 

1,124 

115 

22 11 

. 0 12 

1,2 15 

75 10 

21 U 

54 10 





Cr. dilf. Es. 

2-:>o 


Cr. dilf. Es. 

10-1 3-0 ■ 


HIO €hhafri(jine, scented, medium rlpermig) 



1 

. 

12 

1 

15 

4 

1 

0 

2 

.15 

-t 

8 

10 

4 

14 

■ 7 

, 2 

0 

12 

8' 

0 

5 

1 :t 

12 

1 

7' 

12 

10 

0 

0 

12 ' 


c 

r. diff. 

Es. 2 


5 :li -1 0 

14 10 s 12 ■ 

15 14 " ' 0 2 

27 11 ' 10 S 

2'2 ,1 4 ill ,4 

20 15 12 4 

28 12 10 ,H* 

52 10 ' 21 U ■ 

Cr. diir. Its. IX- OX 


112 Ntmgi {early) 



0 12 2 1 
Cr. tliir. Hs. 20 4X 


Cr. dilL Ks. 10-12-0 


' * BidsL — A method of rice cultivation hi which seed is sown broad-cast, foi lowed by |)loii^;hing to thin out the .seedimgs 
w'hen they are a foot high. 
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MANUrUAL llKyaiREMKNTS OF RICE IN THE OENTRAL 1>110V.INOES 


Varioiu*'.- Sionificaul id \ per cent 
’Nitroj^eri.-— Significant ai 1 iier cent. 
Pho'-jiliotic acid. Sl'inilicaiit at I | tor cert I 

V >' In. — S ir'll Hiciiiit at ,1 irer cent, 

X >■: I*,- -Si^iiiilcciiit at 1 per cent 

V >' i*. --liisyniJIeaiit 

V X ¥ X 1\— Iiiaigiilticaiiti 


(JmehiBmun. -lUf Budhhihnku ilat^d 

2n ,3nx*'nuf>' rwTITv 

tiOP'^lOP 20P lOP 


a lif VMmtri 


20 K 

20 X 

10 MN 

liU 10 F 

10 r 

20 ¥ 

20'X ' 

20 X 

20 lO P 



iW Miduji (mrifl} 

T 10 

20 P 10 V 


j're-v. ar prices, Anpist J OOP --- Arniiiomuin sHljtlialc at Its. (3-b-O i.cr cvvt. Dmiblo super {thosphate at Its. S-12-0 per cwt. Budhlabako ranldy 
at no !!). ('hhafn at 4o lit. and Xiiioi! at ntno, a rupee. i i i ^ 

,i;at('s, pf(‘\aiiing in necciiOicr J iHO.- Ainuiojiiiuu -.ulpiiate at Its. per ewi: Borible superphospliate at fis. 10-9-6 cwt. BhudhiabakO 

paddy af. ir> IP. < Phatn at 14 iP. ami Aiiuci at M IP. a rupee. 

Tlio I'fisults slioAv that (in ]!oa\ ier soils (iJorsu, clay loam) tlie higliest yield anti largest net profit 
arc obtained only A^'lien nitrogenous and- pliospliatic fertilizers are given in coinliination. The most 
eilective nitrogen and pliospliate ratio is i : 1. Tlie application of 20 1]>. nitrogen in the form of 
ammonium sulphate V'ith 20 lb, phosphoric acid in the form of double superphospluite ])er acre has 
given signiiicantly higher A’icld than t^itlier 20 lb. nitrogen or 20 lb. phosphoric acid applied alone. 
Individually, 20 lb. nitrogtm is significantly better than 20 lb. phosphoric acid, and 20 lb. phosphoric 
acid signilicantiy better tliaii no manure. 

The application of 20 lb, nitrogen with 20 lb. phosphoric acid (100 lb. ammonium sulpliate with. 
50 lb. double superphosphate) per acre increased tlie yiekl of late paddy R6 Budhiabako from 988 lb. 
to 2,122 lb., an increase of 11.5 per c-eiit ; of fine scented variety RIO Ciihatri from 902 lb. to 1,639 Ib.j 
an increase of 82 per cent ; and of early paddy R2 Nungi from 745 lb. to 1441. lb*, an increase of 
93 per cent. ■' 

The e-fiect of main treatments on the yield of late paddy R6 Budhiabako commonly grown on 
these soils, and net profits per acre were as follows : 

, {Plate XVI).' . ■' 


Treatments 


(Pei* acre) Per acre r,b. a. ' ' Bs. a. 

100 ib.ammoiinimsuIp}iat 4 H- 

50 ib, double superphosxjliatc . . . , . . 1,1.34 115 1:2 15 54 }() 

50 ib, ammonium snip bate-}- 

25 lb, double fcjiiperplio.sphate • 604 61 7 5 20 J 2 

100 lb, ammonium . . . . . . . 513 52 47 21 15 

50 ib. fioiible .suj)er])hosphatc 245 25 0 15 ""7 9 

ExjMmment 7 (h).— Effect of nitroijoiou^ and pliosphalic [(Milizern applied alone and in combination 
on the yield of tram planted and ' hi nsi' rice. f^oiL--LifjIft^ Mafasi {mndy 1 /hwi), 

The experiment was laid out in a 2^ factorial design with four re])iications. Each Idock was 
split into two sub-blocks of eight plots each and 1 D. F. of the four-factor interaction was confounded 
with block differences. 


Inercase 
over no 
manure, 
lb. 

1 

Percentage 
of increase 
over no 

manure 

Profit 

I 

At , ' At rales 

pre-war prevai}- 

rales — ing in 

Auu Mst Dece ra ber 

1939 1943 

Per acre 


Ris. a. 

Bs. a. 

1,134 

1 15 

^ 12 15 

54 10 

. ■ ; 604 ■ 

61, 

7 3 

29 J 2 

513 

52 

4 7 

21 15 

245 

25 

0 15 

7 9 


III'* ^ 

„ 151®, ; 'X:,X; 

f;!'; : 

■ fef. ‘ 

;t'V 

;* 'I ■ 1 

XJgt 
'f j f, 

i/ilL ^ 

l I, * , , 
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SOlENCK 


Table' II 


Effect of nitrfH)etWf(H ami appHecI aloac ami la/mmhmafioyi on the- yiM pf tfam^ 

planted and ' blmi ' rice 


Cifmhined residfs of fice year^^ 19S9 to 1943 

' ■ Soil {mmdy loanO 


At rates prevaiiiiis? in Ileceinfeer 
WU 


Treat mants 


Value oC 
extra 
yield 


(Jost of , 
forti- Profit 
lizers 


‘Tramplanted 
RH Budhhilmko {Me) 


( Per aen>) 
Olb. M r Olb. IVL - 

0 lb. N+IO Ih. PjOs . 

lOlb.N f tnb.p*o,, . 
10 lb. y +BHb. PaOs . 


Ct. Biff; Rs. 8*0-9 


R2 Nungi {early) 


Olb. K+ Olb.PjOs 
OJb.JN+10 il>. 

10 Ib. NP 0 lb* BaOs 
Itilb.KT + lOIb, P*Os 


Jif) Bwihiuhuko {late) 


At lire- war prices Aiij^ust 19:|9 

Pcr<’eutage 
of iiKTPa.'-e 
! over no 

1 manure 

\'aiue of 
extra 
yield 

' 

Post of 
fetri- 
lizer.- 

■profit 
or lo.ss 


■ '' '3 ' 4 

'1 15 

1 .5 

' 12 1 ■ 

4 6 

0 8 

2 15 

I 8 9 

24 5 j 

1 6 2 

10 4 

1 4 14 

5 6 

88 8 ' 

10 8 


A veram 

liicTcase 

yield 

over n<» 

(ftve'3’ear.s) 

inanure. 

in Ib, 

In lb. 

. 



MANlTEixlLr 0F'Ei€E' W f HE; CilMTlA'L PECIVIHC)^ 


Table 

mfeat of nitmgmous(mdph'osph:iM6feM^ applied akme and/in mmMnMmn on the of iraps- 

planted and ^ bias d rice^-eontd. 

Cornhined results of. fire genrS}1932tol1.M3'-—^ixmtd. 


Cmdmmm 


S. B. 

ofTr. '■* * ‘Z'te.st 

mean 

4:l‘l>8 Nitrogen.— Signitleaut at 1 per (•ent 


Tfat)i(plu>^fiL 

Rf) Budfnahak<i 


10 11). N, 

1 0 11). 10 11), N> n) Ib. P> No raainj lire 


Phosphorie funO,— Signilicant at 1 per cent. 


Cultl^ afion nietiioOs.— Biguiileant at 1 per cent, 


lt2 Xunui 


Varieties.- Significant at 1 per cent, 


N xiJ, — Significant at 1 per cent 


>10 Ib, .N>10 lb, P> N'o inainlre 


V X Cv—Slgnifleant at a per <^'eiit 


Keinaining interactioiifi. — Insignificant 


/it hVnlnUMlKf 


10 lb. N 10 lb. lt>No maiiuf{5 


10 lb. N 10 Ib. F No manure 


Treatinent 

A ('rag<- 
yeil<i 

(iivo. years) 
in ib. 

Iitct‘a'f> 

over no 
manure 
i n III. 

Ferceutug 
f)f iiiereas) 
over no 
manure 

j At pre-war prices— 

August 1930. 

At rale'* preveii big In I>eeenif)er 
1043 

e ' : 

value of 
extra 
yeihl 

C'jtst of 
ferti- 
lizers 

Profit 
or loss 

■ 

vjibie of 
e.tfcra 
yeiI4 

Cost of . 
fort l» Profit 

Users 




m 

(earl.tf) 





Olb. N+ Oib/PaOs . . , 

TiiS 



1 





0 lb. N4-10 lb.,F20B . . , 

84'2 

104 

14 

1 14 

1 15 

-~0 1 i 

6 1.5 

4 6 2 '9. 

lOlb. N + 0 Ib. FfiOft •' 

<>5S ' 

220 ; 

:)0 

15 

2 15 

1 11 

14 1.1 

6 2 ;.8 ,9 

lOlb. N + lOlb. F2O5 . . . 1 

bli:s 

075 

51 

<bll 

4 14 

1 13 i 

25 0 , 

lb 8 14 g 

. 1 






Pr. DifL lis 

. 2-2-6 

0 

Lr, Biff. Jbts. 0-8-9 
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)in iuccease of 63 per cent, when both were transplanted. The net profits per acre 
with the application of ainmonium sulphate alone) were as follows ; 


Table III. 

‘twiDi ami pfiospkatic ferlilizets applied (done and in different combination 
Combined results of three years, 1935 to 1937 

Soif. '—Vt^'rn Unht, itfiallow Matasi (mwly Imni) 0 inches dee'p ■ 


ill December 


Percentage 
of increase 
os’er no I 
manure ; 


Treatments 


Value of 
extra 
yield 


Cost of 
ferti- 
lizers 


(I’er acre) 
0 H). N+ 0 ib. FaOs 
0 lb. N-l-20 Jb, TaOs 
0 lb. N + aO !b. DaOs 
Olb. N + 40 Ib. iV>s 
20lb.N+ Olb.PaOa 
20 lb. K + 2() lb, PaOa 
20 lb. N +30 lb. P2O5 
20 Ib.K+40lb. PaOs 
»Clb.N+ Oib. 

30 ib. N+20 ib, FaOs 
30 lb. Is +30 lb. P 2 O 5 
30 lb, N + 40 lb. P 2 O 3 
40 lb. N + 0 lb. PaOc 
40 lb. N+20 lb. PsOs 
40 lb,N + 30 lb. PaOs 
40 lb. N +40 ib. PaCs 


Z ‘ test (P = 0*01)™ Signiticaut., 


I;), of H'r. mean 


CondaHoiu 





Profit 

TreatmeritHs ' 

Increase 
over no 

manure 

ib. . j 

Percentage 
of increase 
over no ** 
manure 

1 

At 

■ pre-war 
rates— 
xiusust 
1939 

At rate,s 
prevail- 
ing, in 
December 
1943 

(Per, acre-)' 

R6 Badhiahako (lute) 

Its. a» 

Rs. ,a. 

Ml Ib. fummnimn ' sulpliate-f 25 lb. double superphosphate 

693 

60 

9 0 

35 11 

50 Ib. Ammemium sulphate , . ... 

301 31 

Ii2 Nungi (early) 

4 5 

17 15 

50 Ib, aiiiuiouhim sulphate +25 ib. double superphosphate 

573 

,63 

5 6 

27 11 

50 lb. Ajrirnoniuin sulxihate . . . . . . 

1 365 

( 

40 

3 9 

18 , 3, 


At pre-wa 

r prices— August 1039 

Vabu^ of 

C'ost of 

Proat 

extra 

ferti- 


yield 

lizers 

orlnss 

Bs. a. 

Ks. a. 

Its. a. 

■■ + + 0 

3 14 

4 2 ■ 

+ 2 

5 13 

. 2 ■ 5 ,■ 

9 1 

7 12 

1 .5 , 

0 7 

5 14 

. --5 ,7 ■ 

12 9 

9 12 

, 2 13 . 

13 9 

11 11 

1 14 

13 15 

13 10 

0 5 

0 12 

8 13 

■ ■■ 8 -X 

13 3 

i 12 11 

0 

CO 

16 7 

14 10 

1 13 

15 12 

16 9 

—0 13 

1 0 

11 12 

--10 12 

16 1 

15 10 

0 7 

16 12 

17 9 

--0 13. 

20 3 

19 8 i 

0 11 


C'r. Ditr. 

4-7-6 
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Til hmi rice tlie upplieation of 5C lb. aiimiotiiiini Hiilpimte, witit zo lb. sypeiplio.'.pij.M.^ 

rier acn* itiercascd tlie viebi of HO Hudliiabako from. 1,115 lb. to L4b| lb,, an :\t por 

{iiul of R2 NioiKi from 7:'58 lb. to 1,1 IM lb., an increase of 51 per cent, i )n lii-ld soils. wiHi 55/s/ system 
of cultivation, tlie effect of fertilizers was not so pronounced as iiiidtn’ traiisidaidatifni. najicalpuL^ 
tliat tlie time of application of feitilizers may, be.' an important factor wliit'b need.-, invcstiyyitiom 
Tninsplanted rice gave significantly liigber yield tlian hmsi ^ 

Experiment 1 {c},— Effect ff wiE'ogemmm (md/^ applied ainm- atd i^i diffi,raf eamhi-^ 

‘mdioim <)■}(' the yield ff paddy. SoH—V(^ry light and shaUoiv Maftts) [^^audg Uene). d di-rp. 

Tlie experiment was laid out in randoinked blocks with six re]dicaiions, tyicli replicate liaviiig 

10 treatment combinations. Tlie treatments were-- ■ ■ ^ 

Ritrogeii at four level.s--0, 20, 30 and 40.ib. per acre in tlie form of ammuiuimi siilpliate (20 

]>er ce.iit N). ' . - . i i 

Pliosphoric acid at four levels— 0, 20, 30 and 40 lb. per acre in tlie form of double siiperpliosplud e 

(40 per cent P^^Oy). ^ . . . 

Tlie experimenta,! field was located at Cliandklran farm, Raipur, and tlu^ sod was very h^ht, 
shallow (sandy loam), 9 inclies deep. The ultimate size of tlie plot was 1 oOih acre (13f It. 

X 03| ft.) with. I"! ft. as non-experimental margin. The variety was H/l Siiianatia (uiedunti iii ripemiuii 
and the niethod of cultivation was hixisL No basal manuring was given and rhe fertilizers wmv 
applied at the time of IriasL The crop was irrigated and rotation was nee after rice. 

The results show that on very light, shallow, laterite soils phosplioric acid is thf^ 1 in liting factor. 
The application of 20 lb. (50 lb. double siiperphospliate) per acre increased tlu^ yield of paddy 

from 879 lb. to 1,326 lb., an increase of 51 per cent, and gave the largest net. profit, at pre-war ra tes« 
Differenc^ in yieklKS due to the application of 20, 30 or 40 lb. pliospboric acid per aciv were, linwtwuu', 

Very li^ht and shallow laterite soils do not respond to tlie application of nitrogen r*veii to the 
extent of 40 lb. per acre. The application of nitrogenous fertilizers alone is. therefore, accompanied 

A combmation of nitrogenous and pliosphatic fertilizers is very edfective m bringing alioiit sigm- 

ficant increase in vneld over phosphates applied alone or over no .na.uire p ,e most effec-tive nitrogen 
and phosphate ratio is 1 : 1. The application of 20 lb. nitrogen with 20 lb jyo.sidioric acid 100 lb. 
ammoninm sulphate with 60 lb. double superphosphate) per acre increased tlie yield ol pa.ldy from 
879 lb. to 1,582 lb., an increase of 80 per cent ; 30 lb. N+30 lln increased ihe yie d froin 8i9 

lb, to 1,799 lb., an increase of 105 per cent, and 40 lb. N+40 lb. RoOr, iucrcased the yield from 8/d lb* 

to 2 , 0 lilb., an-increaseofr29percent. r. low i-i . 

Simplified experiments to test the results obtained at the Krce Research Station were laid out 
in randomized blocks with five replications, on the cultivators’ lioklmgs m 23 important tah.^h of 
the rice growing tracts. The resnlte of some of these are summarized below. 

The results confirm that highest yield and largest net profit are obtained only wfien nitrogenous 
and phosphatic fertilizers are given in combination. The application o 100 lb. ammomum sulphate 
with either 60 lb. or 25 lb. double superphosphate per acre is profitable and increases the yield, on 
an average, by 100 and 70 per cent, respectively. If tlie cultivators are not. able to use thus quantity 
of fertilizers (costing Rs. 9-12-0 and Rs. 7-12-0, respectivelj, at pre-war prices), of at least 

-50 lb. ammonium sulphate with 25 lb. double .superphosphate per acre (costing Rs. 4-I-1-0) is reco- 

commended. This application of fertilizers will increase the yield, on an average, by 50 per cent 

and will be definitely profitable. . . • 7 7 <• 77 

Fr.wnme.nl —Effect of orqanic and inorganic tmnures ami their mixtures on the. yield oj jxuldg. 

^ The experimmt was laid out in randomized blocks with five replications. The treatments were- 

( 1 ) No manure. . , i . rA u \ 

(2) Inorganic nitrogen, 10 lb. per acre (Ammonium sulpliate oO lb-)- 

(3) Inorganic nitrogen, 20 lb. per acre (Ammonium sulphate 1 )0 lb.). ' 

4 Or<mnic nitroo-cn, 10 lb. per acre (Farmyard raamiro. Nitrogen m air dry sample 0 8 per 
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TableIV. 

Effect of ndtrogetwua and [)hos])hatic fertilizers apjdied ulom and in combination on iJm yield of paddy 



1 Piprod vilhige, Kaipur tahgil 
SoiL—Muinn (sandy loam) 

1 Average, I94t» and 1941 

Kosinand} village. Ihtlodaliaxar 
StdI. — Mtftabi 

1941 

Ivarhidili village. Mahasarnum'l 

Soil. — Makut 

1941 

Treatments 

Mean 
yield 
per m-re 

Increase 
over nf» 
manure 

Per cent 
Increase 
over no 
manure 

t 

. 

Profit 
or loss* 

Mean 
yield 
per acre 

Increase^ 
over no* 
manure 

Perc*ent 
iiici'ease 
«vf‘r no 
manure 

Profit 
or loss* 

Mean 
.\ie](I 
per acre 

Increase 
over tio 
manure 

Per cent 
increase 
f)ver no 

manure 

Profit 
or loss’*' 





Variety. — liG 

Tiudhlabako (late 






(Per acre) 

■ ,Lb. 

hb. 


Its. a. 

Lb. 

Lb. 


■Rs.' a. 

LI». 

Lh. 


Rs..a. 

0 ]h, N-r 0 Ih. l\(h 

Bm 

' •* , 



.568 




3,624 




0 Ih. N 10 ih. PaOji . 

800 

■ 212 

30 

2 5 

760 

192 

34 

I 14 

1,380 

56 

i 

-~0 13 

10 lb. Ni 0 Ih. V./\ . 

6S0 • 

92 

16 

1 

552 

-—16 ■ 

—3 ^ 

—3 3 

1,716 

392 

30 

'' 4 I'a 

30 lb. N t 10 Jh. PaOj . 

920 

332 

56 

1 13 

912 

344 

61 

2 1 

, 1,732 

408 

31 

S 6 

20Ih. N -f (Mb. PiOn 

. 628 

40 


—.5 0 

592 

24 

4 

--.5 5 

1,822’ 

49S' 

38 

■ 4' 2 ■ 

20 Ih. N + JO Ih. P^Oa 

1,020 " 

■432 

73 

0 14 

1,064 

406 

87 

, ''2 3 

1,922 

■ 598 

4.5 

4. 3 '^ 

20 Ih. N4-20 Ih. PjOa 

: l,5r>2 

964 

164 

9 9 

1,312 

744 

131 , 

5 3 

2,000 

■ 676 

51 

'3 12: 


S. E. Z ' ■ ('■r, 

(>r Tr. test. ditF. 
mean P.-*^0<()1 P-dt-Od 


K. E. ’ Z’ ('r. 

ofTr. test (iilf. 

mea n P 0-05 P o*05 


S. K. ' Z‘ Cr. 

OfTr. test tlitf. 

mean P=0-01 P---=0*05 


100-6 Bifemifleant :J20-0 


65-8 Sit'niftcaiit H»2'l 


101*8 SiKiiirteiviit 207-() 


20N SOK" ION 
20PP- lOP lOF lOP 


ION 20N No 20N\ 20 N JON 

M. 20P^10F JOP JOP 


20N No ION 20 N 20 N 20 N 
M. 20i* 10 P lOP 


Treatments 

flaneshpur village, Waraseoni 
Soil. — Bihar (sandy loam), light 


Riehliai farm, 

.Tul)bMl pore Bandy soil, Fehm 





1930 


1938 



1939 





Variety . — JR 10 Chhatr 

/ 



Variety. — JlUt Chhatri 


Variety. — RG Rudh i ahuko 


(Per acre) 

Lb, 

Lb. 

Rs. 

a. ! 

Lh. 

Lh. 

Rs. a. 

Lh. 

Lb. j 

j 

Ra. 

a. 

6 lh. N -9 0 lh. PaO, . | 

568 

" . . 



. 

1.197 



526 





(Mb. N-flOlh. PgO, . 

701 

133 23 

1 

0 

1,155 

2.58 22 

3 13 

761 

235 

45 

2 

12 

Oil). N + soil). iv>5 

897 

329 57 

3 

7 

1,362 

165 14 - 

-0 3 

70() 

180 

.34 

•~0 

4 

lOih. N+ (Mb. PaOs . 

686 

118 21 ■ 

-0 

4 

1,377 

180 15 

1 2 

898 

372 

71 

4 

<J 

lOIb. N-flOlb. PaOj 

975 

407 72 

4 

4 

1,695 

498 42 

6 4 

978 

452 


4 

4 

1011). N-f2(Mh. PjOs 

933 

365 64 

1- 

6 

1,,533 

336 2s 

0 11 

834 

308 

.59 

_o 

9 

20lh. NP 0 1b. P,Oa . 

941 

373 66 

2 

8 

1,326 

129' 11 -- 

-2 15 

1 ,074 

548 

62 

5 

S> 

201b. X 410 lh. PaOs 

1,124 

556 98 

4 10 

1,755 

558 47 

4 10 

809 

283 

.54 

2 

i 

201b. N+ 20 11). PaOs . 

938 

0 TH 

370 05 - 

♦ ry » / 

-I 

7 

1,659 

1 462 .39 

0 9 

1,181 

655 ] 

125 

f 

- 

.7 


J 


XVII 


ofTr. test diff. 
mean P--0-0J Prr.o-05 


08-5 Bignificant 278*3 


mean P~0*05 P^0*05 
114-5 Significant 330-9 


mean P-0-01 P==0-05 
122*2 Significant 338*8 



. . \ r- ' — T- j'-'i Ml 

20N ION S)N 20N ION 20P lOP ION No 2(^ ION 20N ION lOP JON 20P 20N No 20N 20N ToN Tox"" ION 


M. lO P lOP 20P 20P 

* M pre-war pyice^. 


20N lOP 20 P No 
20P10P M. I 


i :';' ' ,, ■■ ■ 






VI 


MAXUBIAL REQUIREMENTS OF RICE IK THE CENTRAL PROVIKOES 


25S 


(5) Organic nitroj4'eri, L^O ]|>. p<‘r acre. 

(6) Inorganic nitrogec 5 Ih. n-- Orgariic nkrogen o lb. |>er 

(7} Inorganic, nitrogen lo lb. -f- Organic nitogen 10 lb. per acre, ■ 

The experiinental field was mhi land diverted to paddy, in l)l(K*k V of laddiaiidi farm and the. 
soil was heavy Domi (elay loam). The idtiniate she of the plot was I hntli uriv (hf|d’t> witfi 

ft. as iion-experiuiental margin. The \airiety was Biidhiabako (lat«‘) and the method of cnlti- 
vathm was dirisL Farmya.rd manure was applied before the sowing of seed in June arnl fertilizers 
were af)plie(l two weeks after The crop was irrigated imd tlci ndatioii every year was rice 

after rice. ■ 

Table V 


Effecl of orgame and morgmde mmmres and their tnixlnrm on the glefd of paddg 
Comhiifxd results (f Jive gears, 19-39 to 194S 

SnU. llrtirff \HiTA0i. U'!a>i Imm). Kii /*/#'!/ /c 


I I I j At pre-war prk'tw, 

I A\(‘rau<‘ I huTciiM’ ; j 

I yiehl j rtver t»o i ol' increase I I | 

fdivc \ciirO I tiiiiinint over jm* r.r i 1 

• *15 lit i in lb. ut;5nnre l 'V«h.? rr>sf of 


At I'iVtA^-r pnnaiiinu in IH'Ccih'Ih-T 
I'sntj 


« ns| of 
in;iiinre 


(P<*r nt*re) 


l?'ant5>ar(I niainire I(> lb. N 


rannysinl ninnure 20 lb. .V 


Farmyard manure .■> 1b. X -1 Ammn- | ijHHt 
uhiin Hulphule ”» ib. X i 


Faru»vard maunre Kf lb. X ' - 
Ainnumium Kulphnte lu ib, X, . 


Ansmcn'nun rtulidiaie Hi il*. 


Hs. a. j lls. n. | im a. 1 lb.. lO. a. | a. 


4 P ,1. k 


} n n 1 


•1 h r, Jd 


«i 4, IS a 


a 4 28 


Ir’ ' 


T' h H 
a . 






i® 

he't , 


<»n H li 


,i 10 I 2^ b b 2 


Ainmouiuiis sulplsate 2o lb. N 


S. F- nf 'I’r. ni(*{<5i - 4.'*<-2s 


ini 13 > 


‘ Z ’ test n* ==00)0 Signift<‘ant 


7 II 4;i U' 
Cr, Ditf. 

Its. 2-13-0 


<“r. Di«.(F-0-05)'-ia)'i 


i :52 12 

Or. niir. 

Us. 0-6-3 


Oondudonii’—-' ■ ■ . - 

"n" H 4H ( >4^1 »■ lb. 'X X "ii 4S<')T- "I'o' ’ ! b7 x" fo Ib. X. KH4S04^-5 lb. N F.V.M.—20 F.Y..\1.--10 ib.N7X<.) maimre 

.■ F.Y.M. 10 lb. X ■ F.V.M. 5 ib. K 

Pre-war prices, Anj^usr I0:;o.-- Farmyard matmre at He. 1 per eart ni'HOO lb. Xitn^jien in nir dry >ampl5* Ons per eo.r, 

Kates prcvnilins: in December 003, Farmyard manure at Ks. 2 i>er cart fd'SOO lb. 

The results show that on heavy soils (Dorsa, clay loam) nitrogenous fertilizers alon<i, or a mixture 
of organic and inorganic nitrogen gives significantly higher yield than farmyard manure applied 
‘on the so, me nitrogen basis. The average yield per acre of plots receiving 100 lb. ammonium sulphate 
(20 lb. N.) was 1,32:1 lb. and of those supplied with a mixture of 10 lb. nitrogen as farmyard manure 
with 10 lb. nitrogen as ammonium snlpliate, .1 15 lb., against 1,017 lb. of plots re<3eivii}g 20 lb. nitrogen 

as farmyard manure. - , i •- 

2(i ib. nitrogen per acre ap])licd as farmyard manure gave the same yiehl as 10 lb. nitdog(*u supphed 
as ammonium sulphate, or a mixture of 5 Ih. organic and 5 lb. inorganic nitrogen. 

The need for a dressing of nitrogenous fertilizers is clearly indicaterl 

'Experiwieni 3^ EffeH of different qwmtifies of nitrogen applied in the form qfeomgmt on the ]jMd 

of paddy 







TflE' JOUENAL OF AGEIC^ULTITRAL HOimGE 


Tise (^xporiiiKiit was laid out in raiidoniked blocks with six replicadidus on two difforcnt soifji 
it “Labluujdi fariiL Ibiipur. The' treatments were 'O,.- 20, 40 and OU lb. nitroo'cii per aere iii the form 
af eonipnsi (iiitn^ueai in air dry sample— -0*5 per cent). The nltiinatc size of the plot wa,s I tSiltli 
■iere (i.Sj ft. 20f ft.) with If ft. as nonHi^xpeiinientai margin. TIuj metliod of ('.ii!iiva,tion wa-s /nh.s/ 
f-nd c<mipost wins ap])li<*d before the so'wing of seed. The variety wans lib BudliiaJaiko (lai.e) and llie 
crop was ifTigatcsL Kotatioji ever? year wcas rice after rice. 


■ ' ' Table VI 

f)f d iff mmi qmmHties afuitrof/en applied in ihsform' qf eom/posi on Ihe yisld of paddy 
fhynihimd residU of three years, 1942 to 1944 


X f»0>X 40t>X'20.- Ko ■manure 
SiM. — Dorm {duy loam) 


Xo mauure 
Comport. 20 la. N’ 
ComiMtsi 40 lif. N 
Coln}K*^t Oo Ib X 


S. E. of tr. mdAii— 48*72 ■Z ’ test. — Sif^uuficaiit at 1 per reaf (ir. Ditl (F=0 

r»0> X 40> X 20> Ko mauur^^^ 

of Pre-wai* prtro--, An.uioi ll>:5!).—<'ottipoHt imuie of vegetabJo waste matter witb a small ainouiit ttf eowdiuig as a ‘starter’ at as. 8 {lor ear^ 
H) ll». (NiOoueii in iiir (Ir.v su!Hple~0*5 per cent) 

Hates provaijiiig in Deof-uiber IU43.- -Composf at Re. 1 per cart 

On light soil {Maiasi) tlie application of 60 lb. nitrogen in the form of compost increased the 
yield of pachly'froui 921 lb. to 1,549 lb. per acre, an increase of 68 per cent ; 40 lb. nitrogen .'ncreased 
the yield to f,:>52 11)., an increase of 47 per cent and 20 lb. nitrogen increased it to 1,173 I an in- 
crease of 27 per <.'ent. The net profits were all statistically significant. 

Sijnilar results were obtained on heavy soil (JDorsa), but the effect of 20 lb. nitrogen in the form 
of compost was less pronounced. 

Experinimt 4. - Effect of different quuntities of nitrogen applied in the form of oU-oal-es on the yidd 

of paddy 

The e.xperimeut cojnprising a study of the effects of groundnut, linseed and sesamuin (lU) cakes, 
!'ach applied at 0, 20, 40 and 60 lb. nitrogen per acre.on the yield of paddy was laid out in six rando- 
mized blocks, each having 12 plots. There were three unmanured plots in each block thus giving 
only 10 clifterent treatments. The soils were sandy loam {Matasi) and clay loam (Dorsa) at Labhandi 
farin, Raipur. The ultimate size of the plot was l/80th acre (18| ft. X 291 ft.) with If ft. as uon- 
exporimental jnargin. The method of cultivation was bia-si and oil-cakes were applied at the time of 
sowing of seed. The variety was Rfi Budhiabako (late) and the crop was irrigated. Rotation 
every year was rice after rice. 
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■ •* ' 






' •" ' ' 

1,129 

161 


3 4 

.2 8 

, 0 12 

10' 12., 

5 '0 

1,3$3 

415 

43 

8 5 

5 0 

,■',8 ,5 

27 11 

10 0 

1,550 

582 

60 

11 10 

7 . 8 . 

■ 4 2 
Cr. LiJF. 

4ls. 2>U4) 


15 0., 






At priees, Aii'p 

1989 

Ai. rcit'- ,ii 

evai!iit,ir In 1 
191:; ' 

ec‘ct,5nb«::‘r 


yield 

1 tliree yrd.) 
in ib. 

o'rer no . 
maiuire 
in lb. 

Pvi'ronlnito 
of increase' 
ttvrr no 


1‘rold 

ViUui^ of 
(*x ! r;; 
yi<’hl 

1)1 

luaimr'.' 

' ProiO: 



' 

inunni’c 




■ cJ'Vr acre) ■■' 

, 

per aert; 



. a. ' ■ B.S. a. 

'■ B,8. a. 

Its. a. 

•lb's, a. 






lalam (mndy lotm) 




1 , 

ujjiiiurc 

U21 



* 




. ' • 

ri>mjH)S( 2U ib, N , . . 

■1,178 

. ■■ : ■ 252 

■ 27 

■■51' 28 \ 

.■ 2 9 ' 

10 18 ■ 

„■ '5, 0 

. ■ 1 :l ,1,8 

Fuiiipo.''! |U !b. X • . • ; 

■ 1,852 

481 

", 47 

8 10 , 5 0'! 

8 10 

28 12 

10 0 ■■ 

'18 12 '■ 

Compusf 60 !b. iV . . . 1 

1,540 

. ' 028 ' 

68 .. 

12 ■ 9 ■■■78 

■ 5 1 

' C.r. Dili, i 

41 14' 

In 0 

b ''20 U 

Or. Diir. 

8jj 

1 

i 



Es. 2-WO I 



: "Ea. 6-1„4-8 


. of tr, mean 

^34-32 

* Z ' test 

-Sig'nificaiit at .1 per cent. Cr. Diff, (P.w..0-05 

)« 103*86 
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Table ¥II 


E(]ed oj (liffi'i’ctd ipMidi/ies of nUrorjen apjMed in the form of oilcakes ou l/ic ijlvld tf padihi 
Uoiiibinei resuUs of three mars, 1942 to 1944 


(^unliiy of nitrogen — Significant at 5 per cent 
Q.uantity ol nitrogini — Significant at I ju-r emit 
.Interactions — 

Quality X Quantity. — insignificant 
Quality X Season — insignilicant 
Quantity X Season — Tnsiguineant 
Treatiiients. — Signiliiairil at i jier cent 

cs prevailing in Decinnber 1943. — Grouniinut cake (7 ]>er cent nitrogeit) at Hs. 4 ]jer luauntL Innseed eake at 
iut N.) at tts. 4-i:2-0 per maiiiul. TU cake (5*2 per cent N,) at Us* ;M2-f> j)er inauiul. ikuklhiahako paddy 



1 


( 

At rates fn‘<n 

aibne in 1 h vr 

ndn‘r I9L*P 

'rrc.^aiaricnts 

i^ventge 

yield 

(3 years) ' 
in III, 

1 0 crease 
over no 

iBiimire . 
ill lb. . 

PerGentage- 
of increase' 
over no. 

mainire 

. Vdiiue-of 
e.ytra. 
yield ' 

1'O.s.t (.4 
manure 

Protil 
t..jr luss 

(Pm' ae,ie) 

per acre 


Rs. a. 

(saudi/ loam.) 

1 

.Its, a. 

■ ' . . . . j 

.lis, a.,' 

•N 0 XU anil re's , , . 

(Iroiiiidni’ t cakC' — 

!,079 




1 


20lb*N. .. , . . 


203 

24 

17 9 ' 

.1.4 0 ! 

.3 0 

>1',) 11). N. ■ . . 

1,714 

im 

do 

42 5., 

28 'O ■ 

14 ' d; 

. 

lit) lb. N. . . 

Linseed cake;”- 

2,030 

■ -.Ooi 

88 

(ia li 

-.l-L' (.f 

1 

21 0 

2Cjii>. :n* * * , 

1,410 

■’ 331 

31 

22 .1 

I 2d 12 ■ 

11. 

40 lb. ;n. . , . ' 

1 ,0S5 

000- 

■ ■ 50 

4t,.l 0 

[ 51 8 

—11 2 

00 lb. N. ' d 

Til cake — ■ 

2,070 

i 

1 

997 

02 

■ 

00 7 

1 . "7 -t 

i ■ ■■ ' 

1 

' —10 13 

■' ■ 

20lb.M* 

1382 

303 

2.8| 

■ 20 ■ 3 

I;.-';' ■.1.7 12- 

' 2' 7 

4011.). N. . V * ■ . 

LB21 

.742 

09 

40 7 

! ' 3d 8 

j . id 'id 

, 00 lb. n: 

■ L12U 

1 

1,041. 

€r. difl. 

1 ' ' 

90 

(p.^0-05) 

157*9 

00 ti 

Or. dittV ' 

Rs* 10-8-6 

d3 1 

1 ■ 10 2 

1 ■ 
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THE IMBIAM- JOtrBH'JOi 'Of ABBICHLTIJBAH SCTENOK 


[x?ri 


QuaUfy of 

IVk‘a!j yi«‘ki of all the plots receiving groundnut cake — 1,695 ib. per acre 
Mean jfeki of all the plf>t.s receiving linseed cake— 1,724 lb, per acre 
Mean of all the pUdn n^ceiving til cake— *1,S12 lb. |H^r acre 
{'r. d iff. 91*15 I b, per acre , ' ' 

( hfnehosbZi^-V\\ cake Liirseed cake ■ O rcmtidnut cake 
ipamtily of nit rogen and /md/z/ewk? : 
if .■?^/zc*/e.'''/ozz.s' fin order ni'yi(*id) • 


T, X. tio. 

b.X. «50, G 

N. (io.-. T.X, 40. O.X. 40. 

L.X. 40>L.N. 

20 , T.N. 20 , < 

ly X. 20>No rnaniir- 








At rates |■n•e\•aili!lg in 

i'dect 

*mber 1943 



■ i A\'erage 

Ineivase 

Percauitage 

1 



Treatments 

1 yield 

1 (3 years) 

1 in lb. 

1 

. ■ ■ ■ 1 

over no 

manure 
in lb. 

of increase 
over- no 

nianur'(‘ 

A’alne of j ... , 

, i (. ost 0 

extra j 

I 

f 

Pro,h*t. 
or los^ 


IVr aeri‘) 

1 ' 

1 |»er a cre 



■ 


! 

Ms a. 1 Its. 

a. 

its. a. 



i' 

I 

S<iil.-~-t)in\'(a {i 
1 

lay hid hi} 1 



No Hill nu 1*0 . 
Groundnut ca 

cc— 

. . i 1,007 1 

i- ^ 


, 

1 



20 lb. N. 


.. ! 1,301 i 

294 

28 

19 10 1 14 

0 

5 10 

40 lb. N. 


. j 1,693 j 

026 

59 

4i 12 . 28 

0 

13 12 

00 lb. N, 


■ . i ■ ■ 2,015 1 

948 

80 

03 3 42 

0 

21 3 

Linseed cake- 


! 


■ 




20 lb. N. 


. : 1,61.5 

548 

51 

36 9 i 25 

12 j 

10 13 

40 lb, N. 


. 1 1,893 

826 

77 

55 1 : 51 

8 

3 9 

00 lb. N. 


...j 2,138 

1.071 

ItH) 

71 (5 i 77 

4 1 

—5 14 

Til cake — 








20 lb. K. 


1,327 

2(i0 

24 

, 17 5 1 17 

12 

_.0 7 

40 lb. K. 


1,839 

772 

72 

51 7 35 

8 

15 15 

00 lb. N. 


■ . ■ : . 1- . 2,187- 

1,120 


71 n 1 53 


21 7 



1 j 

! ; . ■ ■ 1 


Cl’. (Uli. 

■ 1 

4 j 

th-. diff. 


(F=-^0-05) 

llCed 


S. E. of 
tr. mean 
00'9S 


yuaUty of nitrogen — jSigitiffcant at I percent 
Quanity of nitrogen — ^Significant at 1 percent 
Seasons — Signilicaint at i per cent 

interactions — ■ ' ' 

Quality X Quantity — insignificard 
Season x Quality — >Signifieant at 1 per cent 
Season >. Quantity — Significant at 5 per ctud 
Treatments— Significant at 1 percent 

Quality of nitrogen 

Mean yield of all the plots receiving groundnut cake — 1,089 ib, pfu* ncr<* 

Mean yield of all the plots receiving linseed cake — 1,882 Ih, per acre 
Mean yiehi of all the [>iots receiving ill cake — 1,784 lb, per aere^ 

Or. difr, = 84*58 lb. per acre 

6Vne*/?os*hn/J?.'— iJnseed cake>7h7 cake > Groundnut cake 

Quanity of nitrayen 

Mean yield of (50 Ib. nitrogen in all the plots receiving groundnut, linseed and til eake^-2,U:} lb. per acre 
Mean yield of 40 lb, nitrogen in all the plots receiving groundnut, linseed, ainl til cakt*--^-- 1,808 Ib. per acre 
Mean yield of 20 Ih. nitrogen in ail the plots receiving groundnut, linsecai and tU <‘ake=.-:rl , 4:^4 Ih. per acre 
M^rxn yiehi of 0 Ih, nitrogen in all the plots receiving groimdmit, linsec^d au<! til eala* (No. manure)-. ] ,007 ih, 

Or. diff. — 84*58 lb, per acre 

Con<‘h(si(oiJi — 00 Ih. N::'4() lb. N>20 Ib. N>No manure 

Seasons ■ 

Mean yitdd of all the plots during 1942=1,402 lb. per acre 
Mean yield of all the plots during 194:1 = 1,515 lb. per acre 
AJean yield of all the jzlots during 1944 = 1,899 lb. per acre 

Or, diff, =73*3 lb. per acre 

Uomlnsions — 1 944 > 1 043 > 1 942 
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MANURIAL REQUIBEMEJiTTS OF RICE IN aTIE CENTRAL PROVINCE 


Seami'A quality of mhogm 
DifferenooH in yoilds in Ih. pi-r acre 


Smm/h X quantity of nitfoqru 
Difibrences in yields in lb. per 


(>. cliff. = =Uti-(i. 

Diflbivnces in yields between no nninui'e plots ot 1942 and l‘.)4.1. 
20 lb. nitrogen in the same two years are not statistically .sienilica 
With hTj-'lncr dose of niti’ogim dilfennicc in y.ield between one se 

Treats! ENT.S 

Condusinm. — (In onler of yield) 

T. .\. eoTW nTHo , G.lx'no, i.. n. 4o t. n. 40, u . .n . to, i.. x.2o.>( 

At pre-war prices it was not pnifitablc te miiniii'e paddy w 

On liglit soil [Matmi) the application of GO lb. uitro: 
increased the yield of paddy from 1,079 lb. to 2,030 lb. poT' 

anetprofitofRs.21-G-Oatthepresentprie.es. 

raaunds) increased the yield to 1,714 lb. per acre (59 per cent) atid 
y// cake sufficient to supply GO lb. nitrogen (14 inatinds) incr 
1,079 lb. to 2,120 lb. per acre (9G per cent) and gave a net profit of 
form of til cake (9 maunda) increased the yield to 1,821 lb. per ac 

profit of 13-15-0. _ 

On account of liigii price and low nitrogen content of luisccd cu 

On heavy soil (Dorm) the applic^ition of 60 lb. nitrogen in the ft 
of paddy from 1,067 lb. to 2,187 lb. per acre, an increase of 105 per 


s rci'civing 


N. Xo Mill! Ilf©', ■ 

itli thf‘ ah(>vt‘ 

in the form of a'nuindnut cak(^ (lOi maiiuclB) 
r acre, an inm-easc of <S8 per ('cnt and gave 
40 11).* nitrogen in the form of groundnut <^a.ke (T 
gave a net jirofit of Rh. 14-5-0. 
^a.Hod tlu^ }'iold of : pacld.? 'from 
1 b, 16-2-(h 40 lb., nitrogen in.; tlie 
:e ((>9 per (anit) and gave 


Oil-oakes , . , j 





i 

j 

l!OI 

iHiiiibs ill cuke . . . . . , , . j 

1 ^ 

17a, 

118 

IJoKced iniaiiH groiindiiui . . , . . ' . ' .. . ; 

i 108 

.‘‘hS 

50 

'/’// irfoaiidnat t-ake , . . • I 

1 1 

1 

—418 


" ' i 


o\ 

fnt rt >>*■<.* H 


)Sea«on 

iU) lb. N 

i 

40 lb. X ‘ 

2U lb. '.X ' ■■ 

1 

n lb. N 

1 

.1044 miims 1943 . • * 

1943 miati.8 1942 . . , ' . , • , .« 

1944, 'minus 1942 . 'v . . 

372 ^ 

177 

549 i 

1 . 359 i 

200 

1 ■ ■ 559 

i ■ 434 

1 2 

1 . 436 

1 369 

! 77 , 

446 



.MiUiurinl (‘Xporiinents were carried oVit at tlie Rico >Sta.f/ion. luiipur from 19.15 to i9l;i 

uitli. tlia ohjOf't of ascertaming tlie effect of ( 1 ) fertilizers, (2) organic and inorganic iiianiin^s and tlicii: 
iiiixtijivs, (1) conipost and (4) oil-cakes on tfie yield of p 

Ft‘rtiliz(w experiments conducted at tlie Rice Researcli Station, Raipur ibr (ice \’'ears, on liglit 
(sandv loafn)as w<dl (ns heavy (clay loam) soils have shown that higiiest yield and la ig^est net profit 
arc oi)tain(Ml only wlnm nitrogenous and phospliatic fertilizers are given in conihinat-ion. The most 
(dTe(*tiv<‘ nitrogen and phosphate ratio is 1 : 1. The application of 2t,> 11). nitrogen iii the fonn of 
ammonium siilpliate witl) 20 lb. pliosphoric acid in the form of doubio superpliosphate per acre has 
giv(u) signiticantly higher yield than either 20 lb. nitrogen or 20 il). jiliosphoric acid applied alone. 
lndi\'iduaily, 20 lb. nitrogen is significantly better than 20 ,1b. phospli.oric acid, and 20 lb. phosphoric 
i;cid significantly ])etter than no manure. 

Tile application of 20 lb. nitrogen with 20 lb. phosphoric acid (lOO 1]>. anunoninm sulphate with 
50 11) (loulije superphosphate) increa.sed the yield of late paddy from 988 lb. to 2.122 11). per ac!“(% 
an increase of 115 per cent, and gave a net profit of Rs. 12-154) at pi-icwar rrdc.s and Hs. 54-104) at 
th.(.‘ present prices. If the cultivators are not al)le to use this (puintit}'^ of fertilizers (costing lis. 
9-12-0 at pre-war rates and Rs. 21 at the present prices) a dressing of at least 50 lb. ammonium sulpliate 
with 25 lb. double superphosphate per acrc^ is reconiniended. Tisis a];p]ication of .fertilizers will 

ificrease the yield, on an average, by 50 per cent a..nd will lie delinitol}’ profitable. Simplified experi- 

ments huVl out on cultivators’ holdings in 23 important rice, producing rahsils confirmed the above 
nssults. 

On very light (sandy) soils, phosphoric acid is the limiting fe(4:or. Tlie application of 20 lb. 

(50 lb. double superphosphate) per acre increased the yield of paddy from 879 lb. to 1,326 lb., 
an incr{‘ase of 51 per cent, and gave the largest net profit at pn^war rates. ].)iifereuces in yields due 
to t1i<^ application of 20, 30 or 40 lb. phosphoric acid per acre wei'c, Jiowever. not significant. 

\5‘ry light soils da not respond to the application of nitrogsu) alone, even to tlie extent of 40 lb. 
pei' acne. Tlie application of nitrogenous fertilizers is, therelbro, accompaiiied with loss. But a 
combination of nitrogenous and phospliatic fertilizers is ver\ eifectivt^ in fii'inging about significant 
increase in yield over phosphates applied alone or over no inamiro,. On these soils also tlie most 

effective nitrogen and phosphate ratio is 1 : 1. Tim application of 20 ll>. nitrogen with 20 b>. phos- 

phoric acid increased the yield of paddy from 879 lb. to 1,582 ib. per acre, an i!U.'rease of SO periumt 
and was profitable. 

The application of nitrogenous fertilizers alone, or a mixture of organic and inorganic nitrogen 
gives significantly higher yield than farmyard manure applied on the same nitrogen basis. Tin* 
average yield per acre of plots receiving 100 lb. ammonium sulphate^. (20 lb. N.) was l,32:> ib. and of 
those supplied with a mixture of 10 lb. nitrogen as farmyard manure w ith 10 Ib. nitrogen as ammonium 
sulpliate, 1,215 lb., against 1,017 lb* of plots receiving 20 lb. nitrogen as farmyard manure. 20 lb. 
nitrogen per acre applied as farmyard manure gave the same yield as 10 11). nitrogen suppiltM! as 
ammonium sulphate, or a mixture of 5 lb. organic and 5 lb. inorganic nitrogen. 

Tlie need for a dressing of nitrogenous fertilizers is, tlierefore, clearly indicated. 

The application of 60 lb. nitrogen in the form of compost (.12,000 lb.) increased the yield of ])add\' 
from 921 lb. to 1,549 lb. per acre, an increase of 68 pcir cent and 40 Ib. nitrogen in tlie form of compost 
(8,000 lb.) increased it to 1,352 lb. per acre, an increase of 47 per c(.*nt. The net profits v\eiv statis- 
tically significant 
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2l-7~0. 40 Ib. nitrogen in the form of ^7/ eake increased tlie t'ie.ld to .1,839 lb. per acre (72 pm’ 
r.eid) and gave am!et profit of Rs* 15-15-0. ■■■ 

A dressing of 60 lb. nitrogen in .the form of grouncliiut. cake increased 'the }4eld oi' paddy frofii 
IJi67 H). to 2,015 lb. per acre (89 per cent) and gave a net profit of Ks. 21-3-0, 40 nitrogen in tie- 
form of groundnut cake increased the yield to ],(.>93 lb. per care (59 |>er C'.ent) and gave a net profit 
oflfe. Lil2-0 

fPiate xni). 


Summary 





Mechanical md cheinkid Aimlynes* of Rice Soils on wldclt nummid c.ciicnna'in’^ »rr.- '-oimin'i. 
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Oh li;i-hf soils, n rhessino’ of (‘>0 Ib; riitn>^’<m in tlie ibnn of g'rouji<li»Ht <‘al:o (loj, fuaunds) iinn'easad 
tli<‘ yiobi of [>ad(!y froii] 1,0Tb lb, to 2,03i) lb. per acrcA, tin ^ncrea,.sf^ ofcSS fXT rant, and a lay, fH’olit 
of Hs. 21 at the present prices, 40 I b. nitrogen iii tlie fonn of groundnut calo' (7 inauiKls) ine.reas^al 
the yield to 1,7 bl lb. per acre (dO per cent) and gave a net profit fh* Ms. 14. 

On heavy soils, fif (Sesanimn) cake .sufficient to supply 00 lb. iiiiroircn (if- inaundis) incrcas«Ml 
the yield of paddy front l.Oto lb. to 2,187 Ib. per acre, an increiis<‘. of ltK> per cent niul g;n e, a n(‘t [jrolit. 
of its. 21. 40 lb. nitroge]{ in tln^ form of 07 cake (9g niaunds) incroastxl tite \ i(4d. lo l.tSOO lb. per 

acre (72 per cent) and gave a ijet profit of Ms. Ifi 

Cnltivatoi's in the ri('e tract are therefore advised a.s follows : 

(1) Apply 0)0 11). amnionimn sulphate with 50 lb. doubh* s!ip(U‘phos]>hat(^ (20 lb. M. i-2t) il>. 

top-(li‘<\ssiftg to paddy in .ingiLst. This coinbinatit)n of fertilizers will b(‘. most 

profitable. 

(2) If it is not possiltie to nse‘ the above quantities of fertilizers.- a p|)ly at. h'ast 50 Ib. rtiiunoiiiiio^^^^ 
sulphate with 25 lb. double, supeayihosphate (10 lb, N, ~r Id Ib. lAlOJ per ac.re. 

(8) If su})erphosp]uit(^ is not availabhg apply 100 Ih. aniTnonium sulphata* (20 lb. N.) per acre, 
((except on \'ery liglO or sandy soils where tlie application of a.mmonitim snlpliate alone will not be 
profitable). 

(4) If the abo\'f^ quantity of ainnK>iuirni>sidph is not a,vailable. even 50 lb. anunonium sulphate 
(iO lb. N.) per acre can ])e apj)Jie(l as a top-dressing*, pr(deral>ly after a basal diirssing of U carts of 
farmyard manure (1,250 lb. == lO Ib. N.) pem acre. 

(5) Prepare compost from waste vegetable niatter and apply at the rate of 10 carts (8,000 lb. 

40 lb. N.) pfw acre. > 

(B) Appl,v seven inaunds of powdered gronndnut cake (40 lb, N.) per acre before transplantation 
and in ^/(m fields at the time of sowing of seed (1 maimd = 82 lb.). On heavier soils, 9| maiinds 
of til cake (40 lb. N.) per acre c‘an also be applied. 
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DECENTLY a methori [Chinoy, 1941] was described by which start .*!i ID plant inntorial was 

* ^estimated as starch-iodide. .The. need for a saitabh* coloriinetrie nietliod 

for the deteriniimtion of minute quantities of starch vvas stressed in a [inwa’ous cofumiHiicjitiini [Cdii- 
rioy, 1939]. The first pre-requisite for the colorimetric determination of’ stanch is to obtain the stareli 
iodide complex in perfectly colloidal form. This was achieved in the above method by adding an 
adequate quantity of 0*1. N KI to the starch solution and generating iodim^ gradually liy introduca'ng 
drop by drop a weak solution of HgOg. The clear blue color of starcJi-iodido thus producerl was 
matched against a standard starch solution similarly treated after the removal of excess of indiiie 
by shaking with CHCI3. This method has been successfully tried in tlui ea.se of soluble, starch, jmve 
natural starches, potato tubers, as well as rice and wheat flours. During the course of work in plant 
physiology a need was felt for investigating the applicability of this colorimetric method to various 
plant materials. The teehnique described here appears to be suitable for general application to 
plant material. 

The stability of starch extracts is also important from the point of \'iew of accuracy in its deter- 
mination, The analytical work will be greatly facilitated if storage of plant extracts without deteri- 
oration can be achieved even for a few days. The use of 21. per cent hydrochloric acid in the cold 
[Rask, 1927] is open to grave objection as appreciable losses of starch take place by hydrolysis within 
half-an-hour, even if the solution is kept at a low temperature. Pucher and Vickery [1936] have 
pointed out difficulties and errors in the use of a concentrated solution of calcium chloride for the 
extraction of starch. The use of 0*7 per cent KOH which was first suggested by Chinoy, Edw^-ards 
and Nanji [1934] has been observed to be quite suitable. Attempts have lieen made here to give 
experimental proof for the observation. 

Extraction of starch from plant material has generally presented difficulties in its determination 
by the methods involving the specific starch-iodide reaction. This is more so when tin? plant material 
is fibrous or woody. Sullivan [1935] in his work on woody tissues of plants, has sliown that the size 
of the particles to which the plant material is reduced before extraction considerably affects the effi- 
ciency of the extraction and the accuracy of the subsequent determination. This aspect of the prob- 
lem has also received attention in this work. 

Extraction of starch from plant 7mtenal . . 

After the preliminary treatment of plant material [Chinoy 1938] an alicpiot part (>1 to 0*3 gm. 
is moistened with 1-2 ml. of 0*7 per cent KOH, transferred a little at a time into the cup of the rnicro- 
macerator, ground to a pasty mass and extracted as reported previously [Chinoy, 1945]. 

Colorimetric dstex^nwMion of starch 

The alkali extracts of plant materials are generally pale to dark yellow and sometimes red. This 
has been shown to be probably due to the presence of pectins and dextrins [Chinoy, 1938], 8uch a 
colour would obviously be a hinderance in the measurement of the blue colour of starch-iodide. The 
procedure adopted in the case of natural starches, soluble starch, potato tubers and wheat and rice 
flours [Chinoy, 1939] had to be modified to overcome the above difficulty. Another source of inter- 
ference that may be anticipated is from substances of the amylohemicellulose type despribed by 
Schulze [quoted from Pucher and Vickery, 1936], Schryver and Thomas [1923] and Ling and Nanji 
[1925] which occur in certain starch bearing seeds, fruits, leaves and vstems. Tiiese substances give 
an intense blue or violet colour with iodine but differ from true starch in that they are not digested 
by Taka-diastase. A modification of the original method is, therefore, necessary to account for these 
substances if their presence is' suspected. 
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Du[)litja.te aliquots of plant extracts are pipetted out in centrifuge tubes (with tapering ends) 
and after neutralization of the alkali with the requisite amount of 10 per cent CHsCOOH, 1-2 rnl. 
of 0-J N iodini' and 2-5 ml. of 10 per cent potassium acetate solution are added to precipitate starch- 
iodide. After standing for an hour or two for coagulation the precipitates are centrifuged for five 
minutes at 2000 r.p.m. The supernatant clear liquid is siphoned off, and 10 ml. of 30 per cent 
ethanol are added to the precipitate and, after thorough mixing, it is again centrifuged. After removal 
of the clear liquid 1 ml. of 0-7 per cent KOH is added to the starch-iodide precipitate and the tube 
is gently warmed in a water liath {70°-80°C.) for five minutes to remove iodine and gelatinize the starch. 
On cooling the alkali is neutralized with 10 per cent CH3COOH and the blue colour of starch iodide 
is developed l)y the addition of 1-2 ml. of 0-1 N KI and a requisite amount of dilute (5 volumes) 
H2O3 (about I'ml.). Standards are prepared as usual by treating a number of aliquots (varying from 
1 to 5 ml.) of a standard solution of pure dry rice starch (A.R.) of a known strength with 1-2 ml. 
of 0-1 N KI and sufficient quantity of HjOa so as to have a slight excess of free iodine in the solution. 
After allowing the solutions to stand for one hour the excess of iodine is removed by repeated shakings 
with about 5 ml. of CHClg. The unknown solutions are then matched against a standard of suitable 
strength and the starch content as percentage of dry weight of the plant materials is determined 
by the formula*’ stated in a previous publication [Chinoy, 1939]. 

*Tlio formula is reproduced here for ready reference S— 100 where >S represents starch content 

of the material IS percentage of dry weight ; A, starch in the aliquot of the Standard Solution; V, total volume 
of the unknown Solution (plant extract) ;'L, colorimetric reading of the Standaixl Solution ; R, colorimetric reading 
of the unknown Solution; V, aliquot of the unknown Solution taken for comparison and G, plant material in grahimes 
used for preparing the unknown Solution, 

The above procedure not only eliminates the colouring matters of the original extract but it also 
greatly helps to overcome the difficulty which arises in certain cases where it has been observed that 
alkali extracts of plant material contain some substances which absorb iodine. 

In case the presence of amylohemicelluloses is suspected the .following procedure is to be followed. 
An aliquot of a plant extract is neutralized in the usual manner and 1 ml, of a fresh 1 per cent solu- 
tion of Taka-diastase is added to it and incubated at 37*^0. for 1-2 hours, after which the tube is placed 
in a boiling water bath for five minutes. The above procedure for colour development is followed 
after cooling the tube. As all the starch will be hydrolyzed by Taka-diastase the development of 
blue colour will indicate the presence of amylohemicelluloses. The strength of the blue colour in 
these tubes treated with Taka-diastase can be calculated out in terms of starch and a correction applied 
to the quantity found in aliquots which are not treated with Taka-diastase. The former gives the 
value of amylohemicelluloses and the latter gives the value of starch and amylohemicelluloses. 
Information available in the literature however, point to the fact that the relative proportion of these 
compounds is usually very small, and therefore no serious error is likely to arise even if their deter- 
mination is overlooked. 

Starch in leaves with special reference to its stabilitv in KOH solution^ 

Leaves of four different plants, viz. Lycopersicum. esculantwm, Brassica rapa, Trifolium alex~ 
midfianum and Medicago deniiculata, were used for these experiments. Out of these four the first 
two were same (Sample No. II in both the cases) as those used in previous experiments [Chinoy, 1938]. 
After removal of soluble substance by extraction with alcohol, and desiccation and reduction of the 
sample to 100 mesh grade starch was extracted and determined according to the technique outlined 
above, in two separate aliquot parts of each sample and in duplicate for each portion, , The results 
are presented in Table I, 

Table I 

Starch content of leaves 

Standard starch solution. 1*5630 mg. in 1 ml. Total volume of extract. 50 ml. in all cases. 
KOH felatinization : aliquots of extracts neutralized with 10 per cent CH3COOH just before the 
. addition go 2 ml. of 0*1 N KI ~j~ 1-2 ml, of dilute (6 volumes) H^O^. 
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This may be numbered part III of the series of whi<‘.li parts I and II appeared elsewhere 
[CMiloy 1939]. 

Agreement between the duplicates of the same sample is good. Even separate aliquots vary 
within 1 to 5 per cent. Iii treatment No, 5a some error appears to have made in the colorimetric 
reading. Close agreement between starch contents of separate alifjuots ol the same sample suggests 
that it becomes quite homogeneous if passed through a 100-mesh sieve. 

As already stated .storage of plant extracts without deterioration will greatly kcilitate work. 
Starch is known to be fairly stable in an alkaline medium. As no data on the stability of starch 
under the conditions of these experiments was available, it appeared of interest to study this question. 
Plant extracts used for determinations of starch in Table I were stored in well stoppered glass bottles 
without neutralization of alkali and aliquots were removed from them at different intervals of timcj 
neutralized and starch estimated as usual. Four such determinations were made at intervals of 
4, 8, 15 and 25 days respectively after storage. Results appear in Table IL 

Table II 

Sta/rch content of the same ^extracts as shown in Table I after storage— 

Standard starch solutions : 1^5630, 1*372, P430 and 1*3823 mg. per 1 ml. in 4, 8, 15 and 25 days 
storage sets respectively (fresh solutions except in the first set). 

Total volume of the extract : 50 ml. 


Treat- 

meat 

No. 

1 ■' 

Plant material 

Sample 

analysed 

gm. 

Btandard 

solution 

mi. 

Extract 

, ,, ml 

jCoiorliiietric 

1 ratio 

1 

Btercii,,,: 

; pereenlage 
(drywiigM) 

. 1 

Lycopersicum esculantum (Tomato leaf 
".No. ,11— 

(Cliinoy, 1938) 

0-2830 

1 

5 

0*9035 

'5*:^) '■ 

la 

■ Bitto ■ . , . ' , 

0‘2830 

1 

7 , • 

1*2820 

5 - 0$ „ ' 


Bitto . . . 

0-2631 

1 

5 

0*8790 

■ 5*22 ,, 

■ ,2a 

Bitto 

0-2631 

2' ' 

10 ■ 

0*8835 ' ^ 

, ' 5*25'';' 

''z 

TrifoUnm Alexmdrimum . . 

0-2161 

1 

'5 ■ 

0*9980 

7-22 

3a 

Bitto 

0-2161 

2 

10 

0*9560 

: 6-91, 

' ■ . 4 

Bitto , . 

0-3931 

2 

5 : 

0*8775 

6*9:8 

4a 

Bitto . . 

0-3931 

2 

5, 

0*8910 

7*09 

5' 

Brmsim rapa (Raddish leaf No. II)— 
(Ciiinoy, 1938) 

0-2611 

1 

■ '5 

1-0440^ ^ 

■ 6-25 . 

5a 

Bitto . . . 

0-2611 

2 

io' ■' . 

0*9420 

5-64 

6 

Bitto 

0-2101 

1 

5 

0-9080 

0*75 

^ 6a 

Bitto .... 

0-2101 

2 

10 

0*8955 

6-66 

7 

Medicago denticulata 

0-3551 

2 

5 

0-8750 

7-70 

7a 

Bitto 

0-3551 

2 

5 

0-8890 

7*83 

8 

Bitto 

0-2005 

1 

5 

? 1-0350 

8*07 

8a 

Bitto , . , , 

0-2005 

2 

10 

1-0030 

7*82 
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n!i(luots of extracts neutralized with 10 per cent CHjCOOH -just before 
the ad<!itiou of 2 nil. of O' 1 N KI + 1-2 ml. of dilute (5 volumes) H 2 O 2 . 


KOH gclatinizutioii : 


Staroli content determined after storage for : 


Treat- 
ment No. 
(Table I) 

Standard 

Solution 

(ml.) 

i 

'■‘Ex- 

tract 

(ml.) 

4 days 

8 days 

15 days, ■■ ' 

■ ■ /'25 day S', ' 

Colon- 

inetiic 

Ratio 

Starch 
percent- | 
age 

(dry wt.) 

Colori- 

metric 

Ratio 

Stareli 
per cent 
age 

{dry wt.) 

Colri- 
metric 
Ratio , 

Starch 

1 percent 
.".age 
(dry wt.) 

.... Colori-. 
metric 

'.'Ratio... 

Starch 
peroeiit- 
■ ago 
(dry wt.) 

i 

i 

B 

0*8856 

4*89 

1*0300 

5*00 

0*9110 

4*61 

0-S030 

3*93 

'"2'' 


5 

d- *8785 

5*22 

0*9990 

5*21 

0*8670 

4*71 

0*7590 

4*00 

2 

‘ - 1 

H 

0*9885 

7*15 

1*1220 

7*12 

0*9940 

(3*58 

0*9130 

5*84 

4 

2 

B 

0*8760 

0*97 

1*0050 

7*02 

0*8630 

6*28 

0*7570 

5*32 

n 

‘ 1 

5 

1*0420 

6*24 

1*1820 

6*20 

1*1120 

6*08 

0*9420 

5*00 

6 

1 

5 

0*9375 

6*97 

1*0620 

6*92 

0*9490 

. 6*47 

0*8260 

5*45 

7 

2 

.,5, 

0*8795 

7*74 

0*9985 

7*71 

0*8925 

7*18 ^ 

0*7790 

6*06 

8 

'1 

5 

1*0370 

8*08 

1*1670 

7-97 

1*0600 

7*56 

0*8855 

0*11 


It will be observed that there is very little deterioration of starch till the 15th day. The values 
are however slightly lower in most cases suggesting that degradation of starch has just begun. After 
25 days of storage there is a definite decline in the values of starch. There is an indication that the 
losses are some what proportional to the concentration of starch in the alkali solution. The greater 
the concentration of starch, the greater is the loss in a given time. 




Efeect of size of particle on the beteemination of staech content of woody tissues 

Terminal shoots of Bombax mabbaricum, Ficus religiosa, and Mengijera indica were collected 
in the month of February (about two months before flowering). After the usual preliminary treat- 
ment the dried sample was powdered to pass through a 40-mesh sieve. One third portion of this 
sample was taken out and the remainder of the sample was further reduced till the whole of it passed 
through a 60-mesh sieve. It was then again divided (after thorough mixing) into two piarts. One of 
them was stored for starch extractions and the other was further reduced to pass through a 100-mesh 
sieve. In thi& maimer three grades of powders were obtained from each plant sample. Although 
the 40-and 60-mesh portions contained particles smaller than its own grade a 100-mesh sample did 
not contain any particles of these two grades. Aliquots of these graded samples were then crushed 
to a pasty mass by the technique described elsewhere [Ghinoy 1945] and starch was estimated color- 
imetrically as shown above. The results aTe presented in Table III. 


■ 





Statistical analysis of eesults 

Analysis of variance [Fisher 1939] were carried out on data presented in Tables I, II and III 
in order—(l) to obtain a correct estimate of errors of determination, (2) to determine the period 
beyond which storage of alkaline starch solutions caused significant reduction in starch content due 
to its deterioration and (3) to determine size of the sieve mesh which significantly reduced the accu- 
racy of starch determination. Eesults are presented below (Table IV to VIII). 
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of experiments and error variance is not signiticant. it tliereiore loiipws 

lifferent determinations are errors of sampling. The standard error is 2-7 
ean. There are highly significant differences in starch contents of different 

Tablk V 

la- jjrcJietUed in Table II — 

Mean starch content==6-26 per cent dry wt. 

arch content of fresh solutions corresponding to values for four other storage 
values for eight treatment numbers of Table I. 


imes have been obtained by taking the average 


Value of jP 

(p=:0*01) 


Factor 


Plant material (I^ 
Time of storage (T) 
Interaction PX *1 
Error 


Total 


Table VI 

is the 'tnean starch content of fresh plant extracts from Table I {6-59 -per cent 
dry wL) 


The stmidard in this case 


Mean starch content (per cent dry wt,) Mean percentage of standard 


Time of storage 


0*590 (Standard) 
(Table I) 

6*660 

6*645 

6‘190 

5*215 


Degrees of 
freedom 

Sum of 
square 

Mean 

square 

Treatmei|.t 

variance 

Error 

variance 

3 

37-15 

12*380 

154*75 

4 ■ 

11-49 

2*870 

35*87 

12 

1-20 

0*100 

1*43 

. 20 

1-43 

0*015 


39 

" 51*27 

1 




Factor 

Degrees of 
freedom 

Sum of 
square 

1 , .Mean 

•square 

' Treatment 
variance 

Error 

variance 

Value of F 
(P=0-01) 

Plant material . . • 

Exi>eriments . . ' . 

Error , . • , • . • ' • ' * , * 

3 

3 

0 

16*03 

0*38 

0*55 

. 5*340 , 

0*127 
0*061 

■ 87*54 "... 
2*08 

6*99^ 

6*99 

Total 

15 

16*96 
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There is a liigMy significant eflect of storage time. Starch conte nts of different plant materials 
v'arj significantly. S.jE. of mean for storage time works out to be 0'0946 whicli is the mean of values 
given in Table I and which has been taken as the standard. 

lor further clarification the mean starch contents for different storage times Iiave been expre&sed 
as percentages of the standard treatment. 

The standard error of each mean expres!3ed as a percentage of the standard is 1-435 per cent. 
The standard error of the difference between any two means is 2-03 per cent. A difference between 
the percentage values greater than 4-23 (C.D.) is therefore significant. It will be seen from Table VI 


mnamee Oi 


Mean starch content 


Pact, or 


Plant Material (P) 
Sieves (S) . 
Interaction P X S 
Error . 


Total 


Highly significant differences are obtained for plant material. Sieve and their interaction. 
As the interaction is significant it appears that the relative hardness of the material will also affect 
the size and shape of particles passing through a sieve of certain mesh and consei|uently will influence 
the accuracy of starch determination. This has also been pointed out elsewhere [Ohinoy 1942J. 

Mean starch contents for different sieve mesh have been presented in Table VIII as percentages 
of the standard treatment which is in this case the mean starch content of sainples screened through 
a 100-mesh sieve. 


Mean Sitaroh content (pereenta^fc Starch content (percentage of 
dry wt.) staiifiard) 


100-mesh 

60-mesh 

40-mesh 


Standard error of each mean expressed as percentage of the standard is 2TI. The standard 
error of difference of any two means is 2*99, A difference between percentage values greater than 
0*79 (C.D.) is therefore significant. Results of starch content are therefore significantly low for 
samples screened through 40-mesh sieve, , 





■ ' Treatment 


Degrees of 

Sum of 

Mean 

variance 

Value of F 

freedom 

square 

square : 

Error 

variance 


. 2 

55*42 

27*71 ■ 

98*4 '■ 

8*02 

2 

9*363 

4*682 

16*58 

8*02 

■ 4 

15*892 

3*973 

, 14*07 

6*62 

9 

2*535 

0*282 



17 

83*21 
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It is eleiir tliat the .ii^rade to wHch ttie/ imterial is initially reduced has considerable iiifliienee 
on the accuracy with which starch can be determined. In lOO-inesli samples the error of se|)arate 
tleterrniriations is 'within 3 per cent [also see Chinoy, 1938 and 1941]. Error in starch determination 
sharply increases with the coarseness of the powder. 

■: .DlSCirSSIOK OF THE BESULTS 

The new colorimetric method involving the use of OT N KI and- dilute H 2 O 2 for the development 
of starch-iodide colour gives satisfactory results in the case of leaf material and woody tissues of 
plants (Tables 1 and III). Although the use of the micro-macerator [Chinoy, 1945] for reducing the 
j)Iant material has considerably facilitated extraction work, the accuracy of a vStarch determination 
depends upon the size of particles in a sample. The results (Table III) showing the influence of parti- 
cle size on starch content are substantially in agreement with those of Sullivan [1935]. They clearly 
demonstrate the fact that in all analytical work of value the sample must be reduced to pass through 
a lOO-mesh sieve before reliable results can be obtained. The disintegration of the plant material 
by the micro-macerator combined with the macerating action of alkali removes even the last traces 
of starch from the hardest of plant parts. 

The results in Table II leave no room for doubt regarding the stability of starch in alkaline solu- 
tion at least for about two 'weeks. This fact gives a considerable advantage to this method over other 
methods for starcli extraction ixsing concentrated. CaCl 2 Bnd 21 per cent HCI as solvents [Rask, 1927 
and Pucher and Vickery, 1936]. 

The stability and the specificity of the blue starch-iodide colour have already been established 
in previous communications [Chinoy, 1939] and therefore a determination by this method gives 
the value of ‘ true ’ starch . 

Interference in the above blue reaction by amylohemicelluloses is rarely met with and the pro-^ 
cedure described here can effectively meet it if necessary. 

^ ■ Summary ■ 

1. A new colorimetric method for the determination of minute quantities of starch in leaves 
and woody tissues is described, where the starch-iodide colour is developed by the addition of KI 
and HgOo in requisite quantities to generate a slight excess of free iodine. 

The colour of starch-iodide is matched in a colorimeter against that of a standard starch solution 
similarly treated after removal of excess of iodine by chloroform. 

2. Data have been presented to show the stability of starch in 0*7 per cent KOH solution. 
Starch solutions can he stored for about a fortnight without deterioration. 

3. Size of particles in a plant sample considerably infl uences the accuracy of starch determination. 
For accurate analytical work the sample must he reduced to pass through a 100-mesh sieve. 
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AN APPLICATION OF DISCRIMINANT FUNCTION FOE 

DURUM WHEATS*. 


^ELECTION IN 


By K. M. SiMLOTE, M.Sc. (Agei). (Hons.) B.Ag. (LLB.), Institute of Plant Industry, Indore, (11. 

(Received for publication on 11 May 1946) 

„ . QILECTIQN for Mgli yield in: cereals is one of the chief considerations in plant lireediiig progra™ 
■mine,. thoiigli there are characters like resistance to diseases or grain quality in wheat ■ which 
are also important. 

Yield in wheat depends upon the lunnber of tillers and oars per plant, iitninlxu' oTgraiiis per oar;^ 
and weight of grain (iisiially estimated as weight of 100 grains). A high yielding x arioly, ljiere.fure, 
should have large number of tillers and ears per plant, nion} grains per ear and high grain weight, 
but since the observed variability of the indmdual characters may be |>artly genetic and ])artly en- 
vironmental, and since characters like the mean number of tillers and ears [hu* plant, and number 
of grains per ear are highly affected by environmental conditions, plant selections made in tlie fields 
on the basis of such observable characters, which are subject to a large uondie.rita.ble varialiility, 
may not be efficient. It has, therefore, been suggested that, fii'st, the selection for liigh }n(^]d should 
be made on the basis of such of the characters as are least affected iiy environmental ('ouditions, and 
secondly, when selection is based on several characters simultaneously, the degree of correlation 
between pairs of different cliaracters should also be considered. Finally, the theoretical weights 
attached to the different characters used simultaneously in selection should be such that the observed 
value of a plant or a progeny is highly correlated with its genetic value, 

In the past, ratios such as the migration coefficients [grain : total produce, Beaven, 1920] or the 
survival rate of tillers [Bell, 1937 ; Hunter, 1938] were used as selection indices for evaluating the 
yielding potentialities of different varieties or lines, but these ratios are of an arbitrary nature, and 
do not reflect any correlation between the characters and the yield. What we want is to find out a 
method of selection which would give maximum weightage to (a) thosii conijxjnent cburactcTs which 
are least affected by environmental conditions and (b) those chanKitiu’s which show least mutual 
correlations. 

The discriminant ftinction [Fisher, 1936] provides exactly such a method in which both t.liese 
fectors are taken into account. In the linear formula consist^ of these characters on which selection 


If a variety or line of wheat is measurcu m */} cliaracters say x? ^ 2 * • • *^xi 
yield value of the variety t (psa ) can be scored as 

df ==^1 ‘ * •'Vn'* 

■ ] , ,, ,, ■ ' 

when -j-s-O® value of x to bo expected due to genotype and aja^ ai 

attached to tho!?e characters. 

* Part of the tlie.nis submitto<l to tlio Nagi)iir Uaivorsity for the degree of Master of Soienoo 



immvN jouEHAB' of aoeicultxjbai 


Hm‘p tlir^ j^a’-fKit-ype.s calHlot^be ineasiiiml 'or'^o'bse t-Hs genotypic yield vaJiic of tlie variet? 
cfnii be (^stifiiateci front the^meaii values of the different characters of the proginiies, and these 
observed values are affected by environment- and may also be mutually correlaterL On account 
ol‘ tlicst^ 'factors, t!ie fjlienotypes have to be scored according to the equation — 

Yr^b^Xi + b^Xo. . . .. . t.'bnX„. . .(11) , . 

in wldcJi, with the help of discriminant fuiictiondecthnique,dlie,coei}icieii^^^ b-j . . . .b„ arc stt evaluated 
that the compound score # is most highly correlated with p, the true genetic yich! value the 
variety m* line. ® 

The two Cfj\'a rial ice matrices necessary for setting up siinultaneous etqiiatioiis to e\uahiate the 

coefficients b^, are <jbtained from the. mean squares and nieari products of va,rieties or 

liii(‘s auifl of env)!; iur fliff’crent characters rneasured in replicated field tests. The details of the cal- 
culations are fully (leseribed by Sniitli [1937], 

bmith [1937] Inis also given the expectation of genetic advance by sel(3ction with the help of 
discriminant fiinctioii over Hie mean of the original population as ZiQ BV- when Z and Q are deter- 
mined by the degree of selection apf>Iied, Q representing the intensity of selection and Z, the ordinate 
of the unit noi-nial emu'e at the deviate determined by the selectio.n intensity, t)nce tins intensity 
is fixed, the value <}f Z can be obtained from a table of normal probahility integral. B is the coeili ' 
cient of regression of the true genetic value on the compound score used for s<h^cf ion, and V is the 
variance of the score between the progemes. f 


Experimental iviATERiAL 

In order to woi*k out a discriminant function for selection in durmn. wheats, 
samples of local and imfiroved strains of dtmmi wheats, listed in Table 1 were obt 
States and British Provinces in I94L The samples were grown along ^vith two of ti 
wheats, namely Rewa 42 and Dhar Selection, in five randomized blocks on the 21 
The size of the plot was 7 ft. X 25 ft. and block size 63 ft, X 50 ft., plots being a , it 
in each lilock. Sowing was done as usual at the rate of 50 lb. per acre. When th 
complete, a count of plants germinated was taken in four experimental lines, leavin,£ 
side and two feet at each end of the plot as non-experimental margins. 


Table I 


£isf. of durum wheats worked with 


Name of place 


Kamo of strain 


Name of place 


Name of strain 


L Bengal 

2. Ditto 

3. Bombay 

4. Ditto 

5. Ditto 

6. Ditto 

7. Central IT'ovinccs. 

8. Institute of Plant Industry 
9* Ditto 


Gangajali . 

Gaithi 

Niphad 

Bansi 

Bans] 

Bansipilli . 
Bansi local 
Eewa 

Dhar Selection 


50 10. Hyderabad ( Do 

20 Ditto . 

51 11, Ditto . 

168 12. Ditto 

224 13. Ditto . 

808 14, Ditto . 

15. Ditto 

42 16. Ditto . 

17. Ditto. . 

18. Ditto . 


Parbharii .1 
Ditto 2 
Ditto 2 
Ditto 3 
Ditto 4 
Ditto 6 
Ditto 7 
Ditto 8 
Local 
Bansi local 


From each plot, after thinning out the plants wherever they were in bunches unci leaving only 
singles, twenty plants were selected at random for observations which were then properly labelled for 
further studies. There were in all 100 plants for each sample. When the crojr was reaciy for harvest 
which was in the first week of March 1042, the labelled plants were fii-st harvested individually. Moan 
number of tillers arid ears per plant, mean number of grains per ear, and mean weight of 100 grains, 
besides mean weight of grain and straw per plant were recorded and analyzed statistically. 



ArPLTCATJOK O? DIHCBIMINAHT FUmCTION FOR SEJ^ECrnthY IN IH'RrM WKKAf.^ 


■ Eestjlts- 

Btatisti(‘al analysis of tlie o1>8C‘rvations roeorded on oacli smiip^o for eaeli I'linra 
, t.lio variariaos and. ('ovariaiieas nro iu Tables If and, fl! re>|»eer.ive|y. 

■ Table- n 


/l'i^ab/-v/.y of mrUt'Hce of the nteon ‘hnmher of tillers ami ears per phttif. ’eamh r if prai as per eaj\ aYajhi 
of 100 gral as mal weight of tjrai a aad sirror per plant nf Proriaeial linnifii"^ 


Mean Sfjuare.’i aud varijaiw nditi,-,- 


Mean ]iuinbi*i‘ of '.MeaTinmnherof 1 N'tiinber of L^rairn ! Mean weivhf of 
tiller.-? per ears per | per ear 1 M(U j^rabi;-. 

plant plant { ‘ j Inj!-ni. 


Meaii wejojil ufj Mum wei»i.*l of 
finiluj pH* pfaul I Omw per plant 


M. S. V. B. 
l-iPiTd MS=t^ 


S-20*^ i 4(ei05: 


**Sionirieant at 1 per eeiit level. ni*=--12 ami iia- 7n F =-2.4;? at 1 per rent 

Differences between tlie varieties for mean number of tillers au<I ears (ler jilant. ininibor of c/rain« 
])er ear, weight of 100 grains and mean weight of grain and straw per plant ni’i; highly significant 
indicating that the varieties are distinctly different in all characters, 'i’he.sc dillerence.s are of very 
high order for mean number of ears per plant and weight of 100 grains. 

Correlation coefficients were determined Ijctween pains of diilereiit eharacter.s for \'arietiea and 
also for Error (Table III). The correlation coefficients for varieties are positive and .significant be- 
tween number of total tillei's at harvest and nnniber of ear.s, between number of tillers and 
weight of straw at 1 and 5 per cent re.spectively. Thi.s i,s to be expected as iiumljcr of ears and weight 
of straw are both dependent upon the number of tillers produced. Between number of tillers and 
number of grains per ear the coefficient is negative and .significant at D per cs.mt indicating that varie- 
ties with high tiller numbei' have fewer grains [ku' ear. the nnmber of tillers is j)ositively correlated 
with the weight of 100 grains but the coeficient is .small and non-.significanfc. The correlation between 
the number of ears and the numbers of grains per ear is negative and significant at 5 per cent. This 
is to be expected on account of positive and .significant correlation betweeji the munber of tillers and 
the number of ears per plant mentioned above. Between the number of oars and the weight of .straw 
the correlation is significant and positive, between the juimber of ears and the weiglit of 100 grains 
it is positive and non-significant. There is no significant correlation between the number of grain.s 
per ear and the weight of 100 grains. Between the number of grains per ear and the weight of straw 
the correlation is negative and non-significant. The weight of 100 grains has ru) .significant correla- 
tion with the weight of straw. 

The correlation coefficients between pairs of differ«nt characters in the Error line of the analysis 
are of the same signs as for varieties, except between the number of tillers and the weight of 100 
grains, between the number of ears and the number of grains per ear and between the number of 
grains per ear and the weight of straw, but the last alone is significant. 

Correlation coefficients betw-een the number of tillers and the weight of 100 grains are non-.signi- 
ficant and of a very small magnitude both for the varietie.s and for error. The correlation between 
the number of ear,s and the number of grains per ear is negative and significant fbi' varieties, but po- 
sitive and non-significant for error. Between the number of grains per ear and the w'eight of .straw 
the correlation coefficients both for varieties and for error are of the .same magnitude, but for varieties 
the coefficient is negative and non-significant. When the correlation between the varieties differs 
from the corre, spending correlation in error part of the analysis, the difference, s must be interpreted 
as being due to the difference hetiveen genetic associations, that i.s, those due to linkage oi .similar 
cause, s ^d physiological relationship. To illustrate the difference, the correlation bet ween the number 

f2 
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of ears per plant and the number of grains per ear may be quoted. Between varieties, there is a sig- 
nificant negative correlation between the two characters showing that the varieties with a large numoer 
of ears .per. plant have fewer grains per ear,, but the error correlation is positive and non-significant 
showing that the relationship between the characters is not of a physiological nature, and we con- 
sequently expect to obtain plants with a large number of ears also having a large number of grains 
per ear. A similar explanation fits in for the difference between the number of grains per ear and 
the weight of straw. On the other hand the correlation between the mean number of cars per plant and 
the weight of straw per plant is positive and of almost the same magnitude fjoth for vaiieties and for 
error. This simply means that plants with a large number of ears must also possess a la.rge weight 
of straw which is to be expected. The same relationshij) is shown l>y varieties as w^ell. 

Such correlations can give us information only about the simple associations (negative or positive) , 
between pairs of different characters, but only by means of a method like the discriminant function 
can we take into account the effect of selection in one character on the compensating changes in other 
characters, and ensure efficient selection for improvement -with which we are concerned. 

The grain yield of wheat is the product of number of ears per plant X number of grains per 
ear X weight of each grain. When these are transformed into logarithms, the logarithm 
of yield can be expressed as sum of the logarithms of these ^components, that is, 
log yield=% ear number + % grain niimber+% grain weight. This equation enables us to intro- 
duce some more characters which though they do not directly contribute to yield of grain may give us 
additional information on account of their correlation with other characters. The coefficients of such 
additional characters will be zero, and those of the components of yield as 1. Since antilogarithm 
of zero is 1, the product of of these components of yield will not change with the introduction 
of such additional characters. 

The number of tillers and ears per plant, the number of grains per ear, the weight of 100 grains 
and the weight of straw per plant for each of the five blocks were converted into logarithms, and 
then analysed statistically, and variances and covariances between all pairs of characters were 
obtained. 

We, therefore, take as our variates 

logarithm of mean number of tillers per plant 


% „ „ » » gleams per ear 

„ weight of 100 grains (in gm.) 

% „ „ „ ,, straw per plant (in gm.) 

Our equation, therefore, for grain yield is 

Where ai==a5==0 and a 2 ===a 3 ==a 4 ~l 
We, then obtain the values of coefficient 6 from the following formula, 
y == below 

The mean squares and mean products in the varietal line of the analysis of variance and co- 
variance termed tij are given in Table IV below : 

' ' . Table IV 

The mean squares and mean products in the varietal line of analysis of variance and covarmice — tij 


Tillers .... 
Ears .... 
No. of grains per ear . , 
Weight of 100 grains in gm. 
Weight of straw in gm. . 


No. of Weight of Weight of 
grains per 100 grains straw in 
ear in gm. gm. 
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From each row of Table IV sets of equations are formed similar to tlie sets of simulta^ieous equ- 
ations fonriod in solving partial regression equations for obtaining c values [Fisher 1938]. These 
values of c thus olitained are given in Table V below. : 


Table V 
The value of eij. 



The mean squares and mean products for error in the analysis of variance and covariance are 
termed cij. When these are siibstracted from the corresponding valu.M of iij (Ta-l>lc IV), 'xa get 
the genetic component of mean scjuares and mean products foi* the varicti(.\s, uliidi ju'.j termed qij 
(Table VI). 

Table VI 


The values of gij 


By multiplying gij values of each row in Table VI with the corresponding theoretical weights 
aj attached to each character, the values of A factors are obtained and are given in the last coliiinn 
of Table VI. For example, 

^I=aigii+a2gi2+a3gi3+a^gi4+a5g.i5 

=0 x 0-0166+1 X 00-204— 1- X000484-1X0-0023+0 X 0-0I38 
=0-0227—0-0048=0-0179 
Similarly j42=0-0127 
4g=0-0030 
^4=0-0146 
. 46 = 0-0166 

The values of coefficient h are then obtained by multiplying these ^ factors with eij (Table Vj 
as follows; and are given below: 

Tillers. bj=AjC 4 ]!+A 2 Cj 2 +A 30 j 3 +A 4 C 44 +A 5 C 45 

=0-0179 X 380-77—0-0127 x 400-37+0-0030 X 134-09—0-0145 x 64-70 
+0-0156 X 73-64 =+2-3440 

Ears, \ =—1-8689 

Number of grains per ear bg = — 0-7749 
Weight of 100 grains (in b 4 =+0-7218 




: 


No. of 

Weight of 

Weight of 


. 3 

j 

Tillers 

Ears 

grains per 
ear 

100 grains 
in gm. 

straw .ill 
gm. 

A .'faetors 

Tillers 

. 1 

0-0166 

0-0204 

— ihOOm 

O-0O23 

1 0-0138 

0-0179' 

Ears 

.■ ■ . 2 

: ... ' ' . 

0-0261 

-- 0-0133 

—0-0001 

0-0178 

0-0127 

No. of grains per ear . 

. 3 

. . 


: 0-0086 

0*0017 

—-G-Olll.^ 

0-0030 

Weight of 100 grains in gin . 

. ■ . ■ ■ . ■ 4- 




0-0120 

—0-0089 

0-0145 

Weight of straw in gm. 

. 5 

* * 

''' ■ *. 



' 0-0274" 

0-0156 


■ i j' 

Tillers 

1 

. Ears 

■ 2 

No. of 
gniins per. 
ear 

3 

Weight of 
100 grains 
in gm., 

4 

Weight of 
straw iti 
gm. 

5 ■ 

Tillers . . . . . . . ... 1 

Ears .... . . ... .... . .2 

No. of grains per ear . . 3 ' 

Weight of 100 grains in gm. . . . . . . 4 

Weight of straw ill gra. . . . . ... 5 

' 380-77 

^—400-37 

505-30 

'.—134-09 

187-42 

149-26 

—64-70 

89-1)1 

14-04 

103-14, 

■ 73-64 

—118*66 
—32-74 
—45-85 
63-04 
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. Weight of straW' (in gm.^ '.=4*0*2280 

Bubstitnting these values of ,6 in the equation ■ 

r=lqXi + b2X2+b3X3+b4X4+lj5^^^^ 

the linear function of tlie characters ,x.j to is obtained as follows :■ 
r=.2*3440X4-~l *8589X2-0*7749X3+0*7218X4^^^^ 

\\1ieii samples are scored with the help of this funetion the values so obtaiiUMl will lie iiighly 
correlated with the genotypic values of the samples, and wdllshow the yield poteuitialities (4‘ tiu,^ various 

samples. ^ ^ ^ 

If the niean nmiiber of tillers are omitted from the data as number of tillers juid (‘ars are liiglily 
correlated, the coefficients^ of linear function can he recalculated, and are given t.ielow : 

y=0*6058X:2+0*0506X3+]>li0lX4~--0*2253 (ii) ■ ■ 

With the help' of these functions, we can now obtain, scores for each variet}’ or line. I)}’ substi- 
tiitin<»; the mean values of chai*acters XjXg, X3, x^ and x,-, the scores thus obtained will :repre.s(.i}it the 
inherent value of the variety or .line. In respect of tiller and ear iminber. weight of fOO grains and 
weight of straw the scores will be aftected roughly in proportion to the magnitude tlie eordHcients, 
as mean values of the characters are of the same order, that is, the mean mimj>er of tiliu’s I'arpges froiii. 
2-41 to 4*63, the mean num1)er of oars from 1*82 to 3*79, the .mean weight of JtH) grains from 3*31, 
to 5*35 gm., and the mean weight of straw from 2*48 to 6*03 gm.. but the values of the scores will 
be influenced to a greater extent than expected from the magnitude of tlie coeflicieiits of grain munber 
per ear. as the mean of this character which ranges from 17*33 to 28*16 is about seven to eight times 
the mean of other characters. 

It will tlius be observed that plants selected with the help of function (i) will improve the yield 
when the basis of selection is high number of tillers and high grain weight, while high ear rumiber and 
high grain number per ear will decrease it. If tillers are omitted from consideration, and selecti(u.i 
is done with the help of function (ii), ■then high ear number and high grain weight should be tlie basis 
of selection- Selection for high grain number per ear will not show appr<?cia!)le change as its coeffi- 
cient is very small 

Genetic abvance 

By genetic advance we understand improvement aehiev*e<l through selection, and its magnitude 

inav be estimated by the percentage excess in the mean yield of the pmgenies of the selected plants 
over the mean yield of the original unselected material, W hen tlie viiritic^s are evaluated \\ith legard 
to their yield potentialities by means of discriminant function \\'iuch gives for each variety or line 
a score highly correlated with the genotypic value of the variety or line or liy^ onliriary selection 
in which the varieties are scored on tlie liasis of observed values oi‘ different characters assuming 
these to be the best expressions of the genotype, the differenoe between these two procedures of se- 
lection may be expressed algebraically as the difference between the following two expressiijus : 

(i) foniiula for discriminant function, r=biX4+b2X2+ ..l\Xn 

(ii) formula for ordinary selection F==a|X|+a2X2+ . .a,tXn ^ ^ 

Where XiX,..-x„ represent in both humulae the mean ])erformance the progenies for the cha- 
racters, b b.,...b“, in formula (i) arc the co<‘liicients obtained by the discriminant functirui tecimiipic 
aud a,ao..^.at in formula (ii) are the tlieoretical weights attached to these charactiu’s. 

The m'eater efficiency of the discriminant function will he reflectiui in tlie gi^attn lUagnitudo 
of o-enetic" improvement brought about when selection of-a given intensity is made with the help of 
discriminant function instead of being based on the apparent value of tlie material. This point is 

discussed below : ... „ .. ,, t* • * 1 1 

The expectation of genetic advance by discriminant function over tlie mean of original poiiula-tion 

is shown to be '[Smith, 1937], assuming the original po]iu!atiou to be uornially distributed, 

when 0 reiirosents the fraction of the population selected, and Z the ordinate of the uiur. iionnal curve 
at the deviate determined by the selection intensity, and B is the rogressimi coelkcieut of the true 
genetic value on the compound score 7, that is B=W/V, where is tlie covariaiico of and 1 
and 7 the variance of 7. . ■ 



Data from one more experiment wMch included selections from a local sample of a particular 
area were analyzed to work out a discriminant function, and is described briefly below : 

Seventy -two single ear bulks from a local durum wheat were grown with Indore local as a control 
in a Symmetrical Incomplete Randomised Block experiment in 1940-41 with nine groups. The details 
of writing out sets and the procedure of analysing the data are given in Fisher [1938], Fisher and 
Yates [1938.] 

The experiment was sown on the 14th October, 1940 and was harvested on the 5th March, 1941. 
The size of each plot was 14 in. X 11 ft. and the block size 10 ft. 6 in. X 11 ft. One foot at each end 
of the plot and one row of local wheat on either side of the block were discarded as non-experiment, ‘d 
margins. In each plot, after the germination was complete, a count of plants was taken and before 
the plants started tillering a random foot number was selected and fifteen plants beginning from this 
mark, which represented about 12 per cent of the average total number of plants per plot, were coun- 
ted and demarcated by two wooden pegs fixed on either side of the sampling units, for observations 
like tillers etc. Before the crop was harvested, total number of tillers and ears per sampling unit 
were counted, and after the harvest, mean number of grains per ear and mean weight of 100 grains 
were recorded and the data analyzed statistically. The analysis of variance for different characters 
are given in Table VIII. Differences between the number of tillers and ears per plant, thejiumber 
of grains per ear and the weight of 100 grains are highly significant indicating that progeny bulks 
differ among themselves widely in aU characters. 
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When the intensity of selection is fixed, the values of Z and Q are constant, and the expec- 
tation of genetic advance is proportional to the quantity if V F which alone need be calculated. 
Table VII shows this quantity after conversion into original units and the percentages of excess of 
genetic advance by discriminant function over ordinary selection. 

Table VII 

The quality B \/ V after conversion into origi'nal units and Hie percentage of excess of genetic advance 

by discriminant function over ordinary selection 


Charaetera 


All five characters . . 

Four characters (tillers omitted) 


Index of genetic advance j 

Discriminant 

Ordinary 

function 

selection 

i 

1-536 

1-320 

1-388 ' , 

1-320 


Percentage 
excess of advatice 
by discriminant 
function 


In caiculatiug th^ values of for ordinary selection numerical values of a, coefficients are 
used in place of the value of 6, coefficients used in discriminant function. . 

The greater efficiency of the discriminant function is clearly brought out in Table VII, parti- 
cularly when all the five characters, namely, tiller number, ear number, number of grains per ear, 
the weight of 100 grains and the weight of straw are involved. When the tiller number is omitted 
from the analysis, the discriminant function is superior by about 5 per cent. This difference brings 
out the importance of tiller number in selection for higher yield. Tiller number is obviously strongly 
correlated with yield and whereas we can with the help of a discriminant function take this character 
into account in making selection, we do not utilize this information in adopting the ordinary 
method of selection. 

We may conclude from the experiment on provincial durums that selection in durums should 
be done on the basis of high tiller number and high grain weight. 
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.S TABLE X ; 
The value of cij 


: No. of ' WeigEfc of 
’ grains per ' 100 grains 


The details of the calculations involved in obtaining a discriminant function need not be repeated 
here as they have been fullj described before. The solution of the equations gave the following 
values of the coefficients of the discriminant formula : 


Characters 


Coefficients 


Humedcal' .values 


Tiillecs 

Ears 

No* of grains per ear . 
Weight of 100 grains in gm* 
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Tabu; V 111 

Amlysi;: of variance fo)- nwmbef of tiU era ami ears per plant, nutnijer (f grains per mr nml the nmifht 

of 100 graim qf Malm seledtons ■ 


Mean squares and variance ratios 


Buf t"'3> , ' . 

■dX 

Niunber , of tillers 

■ ' Number of ears j ' 

N'limber of grains,. .« 

Wei.ght ’of 1W,I. . 


. per pia.nt ' 

per plant ' ■ ■ i 

i 

|.»er ca-r ■ . j 

grains ill, gni. 


1 

M.S YM. ■ 

M.S. 1 . V.R.’ 

M.S. i V.R. 

M..S. I ' V.R. ■■ 

Variefci'Ss 

1 72 

63*46 M8*^ i 

49*07 : . 1*40’^ i 

5*827 1 i2*64*^ 

0*4283 1 4-2.1** 

Error 

1 

512 

■ ■ i 

37*60 • *., 1 

34*95 1 . . ; 

. ! . ■ 1 

0*461 

. 0*1019 1 ■ .... 


** Signiflcant at 1 per cent 


N| ««• 5> and N| “ 400 P— 1*33 for rs |iercerit. 

■ 1*57 for 1 per 

The values were then converted into Iogarith.m,s and variances and covariances between 'pairs 
of different. characters were obtained.. The two covariance nuitrices of the' varietal and error line 
in the analysis of variance and covaria,nce are given in Tab'les IX and X respectively. 

Table IX ' ■ '. 


The values of tij 


.'. i 



\y 

Tillers 

■ 1 ' . 

Ears 

' 2 

. No. of 
.. grains per 
ear 

3 

, Weight of 
100 grains 
in, gm. 

Tillew ■. : . .. ,, . . . 



. 1 

001397 

. 0*01278 

0*00168 

--O-OOIOO 

Baw . . .... 


» ' » 

,■ ' 2 


0*01291 

--0-001M 

0*00082 

,Kb. of graku per ear . , 

. 

. ■ . 

; ! 3 


. . . . 

•00688 

-*-0*00056 

Weight of 100 grains in gm. 

" . 

* , * 

, 4. 


1 

... 

0*00368 


MIors .... 
Ears ■ . . . ; , . . 

Nq« of grains per ear 
Weight of 100 grains in gm. 


0-00066 


0*00965 

0*01107 


0*00079 

0*00098 

0*00392 


--^0*00004 

■ 0*00009 
0-00t» 
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TlifMliserutn’tuiiit inriju^la tl)eretV)re reads :. 
r-:r 2.2:115 2-2rM8X.>-U-2fmX., r*.^-d 06 XX 4 ' ■ ^ ■ . 

Ill tliis fiiiH'tioiu tbf* eoeffieients for mini her r>f tillers arid wei<>iit of JtKJ gj'ains are fhKsith’e rinri 
liigit sliowiri-u that as tliese two charaeters have the highest genetie eorrelation with yi(^l«L selc^-rro?, 
])ast-*d ofi high tiller iiunilu-r and liigh g]*ain weight will increase the yield of the |>rogeni(\s. The rio;”.: '.-er 
of eai's. as shown before, is la^aatively ;eo;i:Tekted-with:. y^ The coefficient for nionlHO* of i« re) as 
per ear is positive hut has a sinall value. 

The discriniinaiit funelion formula based on selections williin the local sample (d‘ llalvi wheat 
is thus very similar to that ilerived from the wider variations between dunnh samples from difi'ereiit 
parts of tile country, except for grain number per ear. We may thus formulate the generai niie 
that selection foi* higher yield in durum wheat should primarily he rrunie on the basis of higher mirater 
of tilleis and highej* grain weight. 

The expectation of genetic improvement through the use of discrimiiiant function is about !(!' 
per cent over ordinary stdection. This means that in samjiles of low va. liability also the use of dis- 
criminant function is fcaiml to be valuable. 


. . ■ Discussioisr ■ " 

The primary object of the plant breeder is the production of high yielding varieties. Since 
yield is composed of number of ears per plant, number of grains jier eai* and weight of single grain, 
selection for high yi(dd would niean selection for higher number of ears, higher number of grains per 
ear and higher grain weight. The breeder; therefore, re qin^^ some oi)jectiv(^ guidance for his selec- 
tion by which he cam exploit the part played by each component in building up the yield. 

Ill the jiast, \arioiis I'atios such a-s the migration coefficient or the survival rate of tillers, were 
used for judging the yielding capacity of a plant, since such ratios were found to be more staide, rhat 
is, had greater freedom from environmental fluctuations than the component charaeters which are 
. highly affected by environment. But these ratios are of arbitrary nature and aic not based on any 
theoretical considerations. Engledow and W'adham [1923] found that though the migration coe- 
fficient ajipeared to hold some promise as an index of yielding power of single plants, it appeared 
unsuited to the complete displacement of eye judgment lieeause of the labour it involved^ Bell 
[1937] and Hunter [1938] found high ear survival as the most important index of yield in Barley, but 
Stephens’ results on oats [1942] are in direct variance with Bell and Hunters’ conclusions. All these 
conclusions indicate that these ratios are not sound guides to judge the yielding capacity of plants. 
The discriminant function method for making selection in plants is more rational as the function not 
only shows the extent to which each character is genetically related to yield but if the samples are 
scored by means of this function, the sum total of the linear function of characters gives a value 
highly correlated with the genotypic yield potentiality of the sample from a given population. 

The discriminant function formula for evaluating the yielding power ofdMrum, wheats are worked 
out on samples ccdlected from two different sources showing varying amount of variability. These 
sources are the samples of local and improved strains oi durum wheat from Bengal, Central Provinces, 
Hyderabad Deccan, Bombay and Central India States, and the bulk of selected progenies from Malvi 
local. 

The results obtained indicate that a general rule for selection in durum wheat cannot be dictated 
as for such studies a larger number of samples should have been included, but the formulae obtained 
so far are more or less similar and the results can be stated as follows : (1) discriminant function 

formula obtained from provincial diirums shows that tiller number and grain weight have genetic co- 
relation with yield and should only be considered while making selection for high yield, (ii) tiller 
number and straw weight are highly ccrrelated and to a lesser extent grain weight with yield of buffis 
of selected progenies from Malvi local. All these formulae therefore stress the importance of tiller 
„ number and grain weight as the basis of selection for improving the yield of dunun wheats. Smith 
1 193^] working with vulgare wheats also found that ear number and srain weight were highly correlated 
with yield: . , ■ . ^ . . 
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SUMMARY: 

In c»i‘de.r to work out a <iibcriin!naat function for selection in dunoH wheats. ^\vc* f‘X| ana isif nits 
were laid out. one in 1940-41 and another in 1941-42. The second experinnuit (a>!isiste I of .Nunples 
of local and improved strains collected from Indian States and British India provijK'es. Tla-^e were 
grown in five randomized l>!ocks. Twenty plants at random yere ]ahelh*d in ^^ach plot for 

observations which were harvesterl individtuilly. Observations re(*ordcM] on randnfn plants were 
analyzed statistically. The results show that the differences fjotween the varieti{*s f(,r diflVj'cnt cha- 
racters are highly significant. Correlation <n)efficients vvere determirnal between pairs of different 
characters for varieties and also for error. 

The data for each character were converted into logarithms and \'arianc(‘s aiid rcoririaiK'cs be- 
tween all pairs of characters were obtained. With th(‘ h(*lp of these \'arian«'<‘s a!]«j t uvariance.^ a 
discrimimnt fnnetion formula is obtained which shows tluit tillei* numiK?r and grairi weight are liigblv 
correlated with the genetic yield of varieties, and shouhl be the basis for sehM-tion for iiiohcn* 
yield in provincial 

The other experiment (carried out in 1940-41) consisted of seven ty-t wo single eai* bulks selected 
from a local durum and compared with local durum in a Symmetrical Jjicom|dete HaJidornized Block 
layout. Twelve per cent of the average number of plants ]3er plot were sampled,, out for various 
observations. These observations were analyzed ^statistically, and the i*esults indicate liigh signi- 
ficant diflerences between the progeny bulks in all characters. The values wm*e converted into lo- 
garithms and coefficients of discriminant formula were obtained. This function is similar to the 
one obtained from Provincial durum except for grain number per ear whi(‘h is high and negative 
in provincial r/i/rwm. ^ 

The expectation of genetic improvement is also calculated in both experiments, hi provincial 
dimmis, if all characters are included, the expected genetic advance is 19 per cent higher than ordinary 
selection, and when tillers are omitted, it is still higher by 5 per cent. In single ear bulks, the expected 
genetic advance is about 10 pen* cent. These percentages stress the efficiem'v of s<*h»<4i<m by means 
of discriminant function. 
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M oth (Phaseolus acomtifoUus) is an important legume of semi-arid regions. Piper [1937| 
reported that this crop is a native of India, where it is grown principally as a pulse crop ; but 
large areas are put under it as a forage crop both in the irrigated and Ixtrani (rain fed) areas of the 
province ; and as such it is usually grown either alone or in mixture with iion-iegumes like joimr 
{Sorghum vulfjare) bajra (Pennisetum. typhoidemn) semnmm {Semmum orifodafe) and some times with 
cotton. Its use as a pulse, however, is limited to the south-east Punjab alone. 

According to the acreage under crops grown exclusively for forage, collec'ted tlirough the itevenue 
Department in 1937, moth occupied an area of 250,000 acres in the Funjal). Tliis aen\age shf)uld 
not in any way be taken to mean that moth is a crop of lesser importance as compared t(» (Uher forage 
crops, as it is highly drought resistant and is able to produce coufparatively liigh tonnage of green 
fodder under poor-land conditions with limited supply of irrigation water or scanty rainfall. 

Inspite of the fact that the crop has been cultivated in the province for a very long time, there 
is a great dearth of superior and high yielding varieties. Efforts were, therefore, made to find out 
some variety or varieties with a view to improving the existing situation. 

A large number of investigations on both European and American varieties of field beans have 
been reported, but up to the present time, none has dealt with the species of Phaseolus and the varie- 
ties oi Phaseolus aconitifolim grown for forage or seed* The moth bean is grown under a very wide 
range of climates from the hills of Kangra Valley to the dry tracts of Dera Ghazi Khan, but its chief 
importance is in the dry tracts. Since the range of climate between these two extremes is very wide, 
it follows that varieties grown in one part may not always be adapted to the other. The choice of a 
..variety adapted to local conditions affects directly the yield and economic utility of the (Top ; hence 
it is absolutely essential that a variety suited to a particular locality should only be selected. How- 
ever, in order to be able to make this choice, the identity of types and varieties must be established 
with certainty. It is, therefore, necessary that local rmths should be classified so that their identity 
can be established. It is the purpose of this study, (I) to find out a practical basis of classification 
of field varieties of moth ; (II) to construct a key based on these characters which are stable under 
varying climatic conditions; (III) to describe the types grown at the Fodder Research Station, 
Sirsa ; and (IV) to establish one or more types superior to others under the climatic conditions pre- 
vailing in the province. 

Review op literatube 

Steinmetz and Arny [1932] reviewed the literature on the subject and-stated that Von Martens 
published his second revised classification of garden beans in 1869, but he made no distinction between 
garden and field beans. He classified Phaseolus mlgaris into seven species according to the shape 
of seed, and based his secondary division on the colour of the seed. 

Irish [1901] described almost all varieties from cultures grown at the Missourie Botanical Garden, 
on the basis of form and colour of seed, and further used plant and immature pod characters. 

It is, however, impractical to use immature pod characters for classification, because pods as 
such cannot be stored. But seed, pod and type of plant provide a reasonable basis of comparison 
and identification. 

Tracy described American varieties of garden beans in 1907, basing his classification on the 
habit of the plant and character of green pod. But the distinction will become more apparent if 
comparison is instituted through the ripe pods. Tracy refers to twelve varieties of field beans. 

The description of American varieties by ejarvis [1908] is based on colour, form and size of seed. 
He grouped varieties according to the type of plant and the character of the pods and refers to 21 
varieties. 
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Freeman [1921] tlescribed six native field varieties of/ Phmeolm mlgaris while Hendry, [1918] 
descTi bed If) varietkvs of field beans adapted to CWifornia. 

Thoiif^h flassifie^tion is of great value to growers and seed producers, its. usefulness is very limited. 

Materials and methods 

It was in the year 1932-33 that a colleetion of samples of moth bean was started. Seed from 
different moth growing areas of the province was secured through the local staff of the Agricultural 
Department, growers and some Experimental Stations, Efforts were made to obtain seed from 
all the main ^noth growing areas in the Punjab. The growing of these samples began in 1933 and 
intensive work with a view to isolate definite types began when the crop was harvested in 1936-37. 

To start with moth samples were planted in rows 2 ft. apart, but later on were planted 3 ft. 
apart keeping a distance of about 6 in. from plant to plant in order to study the variants in each 
sample. Typical and non-typical plants were selected and their seed was grown in progeny rows 
for observation. The row^s showing uniformity and the best performance record were selected and 
multiplied. 

In order to keep the variety pure and to safeguard the effect of crossing, if any, the plants w^hich 
showed some variation from the selected types were rogued out. 

The samples w^ere studied for a period of four years from 1933-34 to 1936-37 at the Fodder 
Research Station, Sirsa, under irrigation, but under severely hot and dry climatic conditions of the 
•tract.' 

Classification AND description 
Based on tfie churmMr of the mMum plant 

The observations reported herein, are based on the following characters of the full grown plants 
at the Fodder Research Station, Sirsa : 

(i) HaUt’ of growth. — In habit of growth beans may be classified into semi-erect, semi- 
spreading and. spreading, but the range is not very distinct in the mature plants. Usually mcAh 
has indeterminate habit of grow^th and as such this character has very limited applicability in classi- 
fication. 

(ii) Shape of leaves and si^ of -The shape of leaves is a character of utmost importance 

in moth. In the present study the varieties consisted of two main divisions {a) broad lobed and {b) 
narrow lobed. The lobes of the former are broad with 3-8 lobes and serrated margins, and those of 
the latter are palmate having long and narrow finger like lobes. The use of absolute measurements 
in the description of either broad or narrow lobes, however, appears to be impracticable, because of 
the wide Variations in the ske of leaf on a single plant. * 

(iii) Time of maturity. — Time of maturity is of considerable importance, for the length of gro’w- 
ing season determines to a great extent the yield of green stuff. It is also of great importance in 
identifying varieties, which are otherwise similar in their habit of growth and colour of seed. The 
narrow and broad lobed varieties differ in the time of their maturity — the narrow types ripening 
approximately one to two weeks earlier than the broad lobed strains, 

(iv) Pod characters. — Unlike the variation in vegetative parts due to environment, character 
of the pod is not influenced to any great extent, and is, therefore, more useful in the distinguishing 
of varieties. 

(a) Colour ofpod.-^The characteristic colour is developed as soon as the pods approach maturity. 

• Type Jifo. 1 shows straw colour, while No. 2 has smoky colour. Colour in. pods is des- 

cribed as it is found to be at the time of maturity. 

(b) Length of pod . — The length of pods has been used by many writers in the description of 

varieties. Tracy [1907] gives approximate ien^h, breadth and thickness. In the 
present description length of mature dry pod was measured. 

(v) Bry seed churaoleT. — The mature and dry seeds were used exclusively for classification of 

the Aimerican varieties of beans by Jarvis The seeds have invariably been used for the des- 

cription of varieties by all workers and the descriptions reported are in accord with that practice. 

(#) jSka.— The ske of dry seeds as reported in this discussion is expressed in two skes, medium 
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, . (f)): Colour —Yon Martens and others have .used the 'colour of seed for diHtiii^uiLshirig varieties. 

The colour of seed has been recogni^d .by all writers, but Freeiuaii [1921] 
cited a standard colour chart. beans ha've been arranged in this deHcaiption 

into .two main groups, namely those with single ccdour seed coats and those with pattern- 
, ed seed coats* Shaw and Norton [1918] have painted out that there .is no, consistent 
correlation between seed coat colour and colour of flowers; this fact agrees with the 
findings of this study of tmth beans. 

Summary of ohabacters usuful in aLASsiFicATXoN of j/oto bians 
The following characters may be used in classifying varieties of moth beans : 

(h) Habit of growth of the plant, semi-erect or spreading. 

(c) Time of maturity. 

(d) Pod colour and length. 

(e) Dry seed characters, colour and size of the dry seed. 

The present study revealed that the rmth beans could be broadly clasdfied into two main division s, 
In one case the leaves are more or less palmate with long and narrow finger like lobes, while in the 
other the leaves are much broader with 3-5 lobes and serrated margins, 


Dbsobiftion of varieties of moth beans 

Samples of seeds from the various sources were first grown under the nara<i of the place of origin. 
The names were retained for one year, but as the samples were not true to any known variety des- 
cription, they were substituted by selection numbers. Later these numbers were replaced by type 
numbers after the material had been classified and described. The description of the narrow and 
broad lobed types, shown in figs 1 to 10 is given below ; 
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Narrow lobed types 

T(jpe Nih /.- Plants semi-spreading ; leaves dark green, lubes very narrow, central linger of 
the lolx^ cm. long. ‘06 cm. broad ; mature pods straw coloured, 4*0 cm. long ; seeds per pod (>.6, 
medium brown, 100 grain weight 1*90 gm. 

Type No. 2. - Plants highly spreading ; leaves dark green, lobes very narrow, central linger of 
the lobe 3*8 cm. long., 0*52 cm. broad ; mature pods smoky coloured, 3*63 cm. long, seeds per pod 
6*9, medium, colour buff with black pattern, 100 grain weight 2*61 gm. 

Type No. 3. —Plants semi-errect to semi-spreading ; leaves dark green, lobes narrow, central 
linger of lobe 5*52 cm. long, 1*16 cm. broad ; mature pods smoky coloured, 3*73 cm. long, seeds per 
po(i 6*1, medium light brown. 100 grain weight 2*23 gm. Prolific and fairly disease and drought 
resistant. 

Type No. 4. — Plants spreading ; leaves dark green, lobes narrow, central finger of the lobe 5*24 
cm. long., 1*02 cm. broad ; mature pods smoky, 3*63 cm. long, seeds per pod 6*4, medium, greyish 
brown. 100 grain weight 2*07 gm. 

Type No, 5. — Plants spreading ; leaves dark green, lobes narrow, central finger of the lobe 4*45 
cm. long, i*l cm. broad ; mature pods smoky, 3*61 cm. long, seeds 6*3 per pod, medium, colour 
buff with black pattern, 100 grain weight 1*95 gm. 

Broad lobed types 

Type No. 6'. — Plants semi-erect ; leaves green, lobes broad, central lobe 4*62 cm. long and 3*28 cm. 
broad ; mature pod straw coloured, 3*77 cm. long, seeds 6*3 per pod, bold brown ; 100 grain weight 
2*15 gm. 

Type No. 7. — Plants semi-erect ; leaves green, lobes broad, central lobe 4*9 cm. long, 4*6 broad ; 
mature pod light smoky 4*11 cm. long, seeds per pod 6*2, medium, light brown. 100 grain weight 
2*35 gm. 

Type No. 8 . — Plants semi-erect ; leaves green, lobes broad, central lobe 4*56 cm. long, 3*1 cm. 
broad ; mature pod smoky, 4*11 cm. long, seeds 7*1 per pod, bold, grey, 100 grain weight 2*15 gm. 



m\mim m fcjn^tab mom 


Ti/pe No, fL- -PlaritH scniii-erect ; leaves green, lobes i 
l)roa(i ; mature ])ods light smoky, 3*81 cm. long ; seeds pe: 
100 grain weight 2*30 grn. 

Tppe JSo. ](). — Plants semi-erect to scum-spreading; 
4*18 cm. broad : mature pods light smoky, 3*(>1 cm. long, 
weight 2*31 grams. 

From a large collection of ototh samples it 
been de>scribed above. Each ty 
Forage yield. data have 
These data have not been used in the classification, but 
under different environmental conditions prevailing in 
Along with the study of botanical characte 
types were grown to study their forage value. Since the 
available to the cultivators high yieldini 
studies of six types are re 


central lobe 4*92 cin. long, 
3*9. bold, brown, 100 grain 


was possible to isolate ten distinct types,. .which have 
'pe has been given a number for identiftcation. 
i)een secured from six promising types out of the ten mentioned .above. 

; serve to indicate the value of the . v.ariefci6s 
g m the Punjab. 

;rs useful for ■classifica.tio.n, .some of the p,roriiisi.ng 
primary objective of the work, was to. make 
.g varieties for forage, results of ' Some of the. agroiio.m.ic- 
To start with, the experiment to compare the forage yielding capa- 
city of these six types was conducted on a field scale at the Fodder Research Station, Sirsa, in ran- 
domized plots in 1935-36, and repeated in 1936-37. Lat(U‘ on trials wcue extended to other Depart- 
mental Experimental Stations in order to study their behaviour under different sets of environmental 
conditions at Montgomery, Hansi, Jullundur, Multan, and Lyallpur under irrigation, and at Rawal- 
pindi and Gurdaspur under banmi (rain fed) conditions. These trials, which were continued for 
a period of five years, enabled a detailed study of the influenee of variation of environments at diff- 
erent stations within the same year, and at each station in different years. 

The sowings at these stations each year were carried out at the usual sowing time, and the crop 
with a few exceptions made satisfactory growth. The results obtained were very conclusive and 
enabled a selection of a type, which w'as approved for cultivation in the Punjab. 

The average yields of green fodder per acre, based on the results of these trials at different Agri- 
cultural Experimental Stations, are given in Table L 

Table I 

Yields of green fodder per acre in fnamuls of the moth types at the various Agricultural Statiom 

1. F odder Research Station, Sirsa 
Yield of green fodder per acre in mds. 

Types I Critical difference 

Year • Local Significance . j . 

2 3 ‘1 y I B) , . 

1 per cent o per cent 


Significant 


292 I 375 I 353 J 316 I 322 i 323 | 312 | 

2. Montgomery Agricultural Station 

230 305 358 286 271 252 274 Significant 

119 179 187 212 170 . 149 144 

116 226 118 232 134 176 140 

83 188 161 131 102 154 120 

225 185 174 169 188 170 


Average 


Average 
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TabiS: l—cmtd. 

Yields of ffreen fodder per acre in maunds of the motii types at the various Agricultural Stations - contd 

3. Horn Agricultural Station 


4. AgrimUural SMion, JuUundur 


5, Agricultural St&iiant MuMan 


101 1 Insignificant 


Average 


6. Lyallpur Agricultural Station 


80 i . Significant 1 34-0 


7* Gurdaspur Agricultural Station 


215 [ Insignificant 1 27*5 


8, Bawalpindi Agricultural Station 


03 Significant 
66 Insignificant 
61 Significant 
106 Insignificant 


Average 


Year 

^ Types 

Lo:al 

Signifieanct^ 

1 Critical 

tlifferenc® 

'2 

3 

4 

7 

... \ 

9 

10 

at 1 at 

1 per cent 5 per cent 

1937-38 

96 

ISO 

150 

■ ■ ■ 127 

114 

111 

no 

Significant 

26-3 

19*5:"' 

1938-39 

254 

298 

280 

292 

361 

292 

271 

if ' 

' 9*3 . ■' 

6*9 

1939-40 






.... 

. " 




1940-41 

2k 

■ik 

230 

ki 

iss 

179 

198 

Inaignificant 

8*2 


1941-43 . 

278 

336 

285 

287 

254 

309 

298 




Total 

849 

1,028 , 

945 

927 

814 

891 

875 ■ 




Average 

212 

257 

236 

232 

203 

223 

219 





1937-38 

71 

90 

90 

113 

109 

664 

94 

Significant 

330 

■■ ■'25.*0," 

1938-39 

52 

85 

76 

86 

67 

65 

70 

32-0 

24*0.' 

1939-40 . 

88 

107 

123 

131 

138 

141 

96 


8*2 

6*1 

1940-41 

142 

151 

169 

146 

155 

150 

153 

Insignificant 

10*7 

7*8 


. ■ ■ . m 

80 

64 

69 



71 



Total 

418 

,,513:. ; 

; ■ 522 .; 

545 

469 

420 

Ci84 




Average 

83 

102 

104 

109 

117 

105 

97 















f] , . : ^ m mw^AB mmur ' , 

■ Discubsiok ",■ 

Yields of green fodder per acre of the six types 2, S, 4, 7, 9 and 10 were fairly satisfactory at the 
Fodder Research Station, Sirsa, under irrigation throughout the period of seven years. ^ and signi- 
ficant differences were observed in the performance of these varieties. Taking the <lata year by 
year^ it is apparent that Type No. S, with narrow lobes and brown seeds, out-yielded all other types 
throughout the period of the experinient, and yielded, on an average of seven years, 375 maunds of 
green fodder per acre; Type No. 4, another narrow lobed type with brown seed, was the second 
best, yielding on the average, over the same period, 353 maunds of green fodder per acre. 

The performance of these types at the Montgomery Agricultural Station under irrigation was 
cmite satisfactory, and the results of the comparative tests were highly significant throughout. Type 
Nos. 3y4 and 7 yielded higher than other types and the local. On the average of five years. Type 
No. 3 was at the top of the list, giving an outturn of 281 maunds per acre, ft was closely followed 
by Type Nos. 4 and 7 which yielded 259 maunds and 251 maimds of green fodder |>er ac^re respectively. 

The results of the Hansi Agricultural Station, under irrigation over a period of four years, (corro- 
borated those obtained at Sirsa and Montgomery. Type No. 3 out-yielded all others, an 

average outturn of 257 maunds of green fodder per acre. It was followed closely by Type Nos. 4 and 
7, which gave 236 and 232 maunds of green focider per acre respectively. 

On the average of five years, the yield of green fodder of all the types, except Type No. 2, were 
higher than the local at Jullundur, hut differences among them were not marked. Type No. 9, a 
broad lobed type, gave the highest yield, followed closely by Type No. 7 and others. It may be 
inferred that no variety of moth is likely to give very high yields, Jullimdur being situated in thad 
part of the Punjab, w^here there is comparatively high rainfall and high humidity, a climate which 

is not very suitable for this crop. . , , . 

Yields at the Multan Agricultural Station are not very encouraging ; but keeping m view tne 
nature of the soil, which is mostly alkaline, and limited availability of irrigation water, because irri- 
gation is carried on by wells (now farm area has been irrigated through a canal), and very low rain- 
fall and low humidity, outturns of green fodder appear fairly satisfactory. On the average of 
years (as trials could not be arranged for the two years, 1938-40), Type No. 3 has out-yielded all 
other types and the local by a fairly wide margin ; Type No. 4 is a close second yielding 176 maunds 

The test was conducted for one year at the Lyallpur Agricultural Station, and during that year 
only Type No. 7 significantly out-yielded_ the local. The yields on the whole were very low as the 

experiment was conducted on a very light soil. ^ 

Gurdaspur, which represents another humid tract of the Punjab, is also not very suitable for 
the growth of the moth crop. Here yields obtained from various types and the local were almost 

equal. • i- • 

Comparative trials of moth tjoes at the Rawaipiiwii Agricultural Station under fearoMi conditions 
can hardly be expected to give very high yields of green fodder. The results of four years^ expen- 
ments at this station showed the superiority of Type No. 3, followed closely by Type Nos. 4 and i. 

The results of the above trials, carried out for a period of about half a dozen years, show fairly 
■ conclusively the superiority of Type No. 3 over the local as well as other types with which it was 
compared The yields have been fluctuating from year to year at the same station and were marked- 
ly atvariance at the different stations within the same year. It is evident that environmental con- 
ditions vary from year to year at the same station, and from one station to another, which is sfao«m 
by the yi^s of T^ No. ' 3 (Table II, see next page) daring these years at the same station m 
different years, as well as at different stations during the same year. 

Often conclusions from varietal experiments, based on the results of a single seawn, are likely 
to be highly misleading. Data, which are obtained from a wide mage of ecological conditions obtain- 
ing from year to year at the different stations, and in different years at the same station, show con- 
clLvely that Type No. 3 is a variety which can do better than other types m the and areas of the 
Punjab?^ Accordingly it was recommended and placed on the list of approved seeds of the 


I 
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Department of Agriculture, Punjab, 
l)reeding work on the crop is likely t 


aere 


Stations 


Summary 

(]) A large collection of moth samples was studied for a period of four years, and on the basis 
of the stable characters, the material was classified. 

(2) The Punjab moth can broadly be classified into two main divisions, viz. narrow lobed and 
broad lobed. 

(3) In all ten distinct types were isolated on the basis of the habit of the plant, size of lobe, 
colour of mature pod, length of the pod, and colour and size of the seed. 

(4) Out of the narrow and broad lobed ten types, six of which appeared promising for forage; 
were selected and grown at the Fodder Research Station, Sirsa, and later on at other Agricultural 
Experiments Stations in order to study the influence of varying environments on the fodder yielding 
capacity of each type. 

(5) The yields of green fodder, obtained at Sirsa and other stations, showed cdnclusively the 
superiority of No. 3, a narrow lobed type with medium brown seed. 

(6) On the basis of its performance, it has been placed on the list of approved seeds of the Depart- 
ment. 
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Year 

Montgomery 

Sirsa 

Hansi 

Jullundur 

Multan 

Lyallpur Gurdaspiir 

Rawal- , , 
pind'i 

1S35-36 


324 






1936-37 . 


440 






1937-38 , 

! ’*305 

458 

180 

”90 

’i57 

iis ' ^ 


1938-39 , 

179 

400 

298 

85 



83 ' 

1939-40 . 

220 

310 


107 

. . 



1940-41 . 

188 

360 

214 

151 

168 

./'’ 203 , 

61."' 

1941-42 . 

225 

333 

336 

80 

240 


„ '126 






THE OIUENTATION OF THE SEEDS IN SPEOJES OK 
COFFEA LINN. IN MYSORE 

By S. Vv Vekkatarayan, Mycologist, Depaxtmcnt of Agricultures in Mysore, liiiigabn*. 

, , (iteceixecl. for publication oa 18. Hoyembar .iil46|. 

(with plate XVIII) 

D URING" : tiliG investigation of .black bean in coffee ■- [Venkatarayau, lll38| ctortaiii peculiarities 
ill tlie. orientation of tlie beans in coffee fruits' were. noticed. On cutting Ixiiits transversely and 
examining always tlie basal lialf, the appearance of the cleft in the eiidospertii of tlie two beans 
together wi’th thciir ftinicles and placentae, is quite characteristic.. In a large nainber of cases it 
resembles roughly the letter IT (Plate XVIII, tig. .3), the two beaus lieing quite symiuctrie-aily 
arrangecL The cleft on one side of the fruit" is turned left, while the endosporin itself is tiirne^i iii" 
words the right, and on the. other .side the deft is turned right, and the emiospeini left. The kmmr 
may be^considered to be a right-handed seed, and the latter left-han<icd. in some other fruits the 
appearance of the .clefts is like a. rounded ..off Z (Plate' XVIII, fig, i), while in others it is like the 
letter S (Plate XVIII, fig. 2).In the Z-type since both clefts ate turned left, both the seeds arc; right- 
handed, and in the S-type, conversely both the seeds are left-handed. 

The species of Ooffea commonly grown in Mysore are Oojfea amhim Linn., C. Uhenea- liiern. 
and 0. IjmrmiM Wildeiu. (0. fohmtalj. Linden). G\ anAica fruits for exaniination were obtained 
m 1937 from a private estate, and in 1938, fruits of all the three species on tlieir brandies \\'er(; obtained 
from the Mysore Government Coffee Experiment Station, Balehonuur. The occurrence of round 
beans or peaberry in a fruit spoils the count, and hence these were exclude<.I 
Table I shows the results of the examination : 

Tabl'E I ' 

Ths distnhulion of the Mfferent ty^es 


I percent- 
I age excl- 
uding 
pea- 
berry 


,iercent 
age excl- 
uding 
pea 
berry. 


percent^." ■ ■ .. ' ' 

age of.',., .F.rtilt» ,, T'ifig.i., 

total 


a nraUca—nTi . . 134 51 76 21) 54 HO 264 ID j s.M 

i\ arabica—W^S , . 250 48 115 22 153 30 518 144 22 662 

a.lihe,rka—Wi^ . • 134 35 07 25 155 40 386 282 38 61 S 

... .. . .. 335. . 37. 261 j .-29|..305. ;. 34. ... 901 | .312 . ..25. . 1213 

It is seen that the U-type arrangement predominates except in G, libericu, where owing | 
to the undue preponderance of peaberry, the-behaviour is anomalous. Of the other two type, 
times one predominates and sometimes tlie other. In the same cluster in one and the same tv 
be found all the three types of arrangement. In all of them the radicle in the seeds is inferi 
the micropyle directed downwards and outwards. 

,Gandrup [1923] in a preliminary count of 11592 beans, mostly of C, fobusia^ luinid GP 
handed and 5436. right-handed or 53-11 per cent left and 46-89 per cent right. In a more c 
examination of a number of berries of G, robusta he found U-type berries to vary from 36*84 p 
to 44*79 per cent, while in 0. exceha it was 49-68 per cent and in 0. liUfica 44*73 per cent. . 
no occasion to examine C. arabica. He designates the U-type, antidrom berries, the 
honiodrom right, and the S-tvqie, homodrom left. Antidrom is a term used for individuals 
same species displaying right and left hand torsion. In homodrom, the torsion is in the sanu 
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left beans bave a comparativ'ely poorer percentage of germination/ than , the/ bomodr^^^ right or 
antidroni beans. ■ No experiments 'have been conducted here on these lines. 

According to Gaiidrup [1923], Hanaiisek [1895] working with G. arabica did not find as a rule 
symmetrically developed seeds in the same fruit, but only similarly developed' (gleichsinnig) seeds, 
and only unusually did he find in a fruit a right and a left . seed/ Gandrup [1923] says that Froehner 
[1898] found the seeds to develop symmetrically, and also that according to Froehner [1898] there 
is a possible relation between this and the symmetry in the inflorescence. Gandrup [1923] was not 
able to confirm this, and suggests that an anatomical study be made to trace any relation between 
the posifeion of the endosperm folds and the position of the contorted corolla lobes. 

Schumann [1891] figures the U-type arrangement for 0, liberim Bull. Zimmermann [1928], 
after Marchand, figures the same arrangement for C, arabica Linn. Zippel and Thome [1899] figure 
the U-type arrangement for C. arabica. According to Gandrup [1923], von Wettstein in his hand- 
book figures a Uberka fruit wherein both beans are bent to the right (Z-type or homodrom right) 
Ukers [1935] after Tschirch and Oesterle, figures the Z-type of arrangement of seeds lot C. arahica.^ 
According to von Faber [1911] the curvature of the ovule is mostly not sympathetic (nicht gleichsim 
nig) ; by this he means presumably that the berries are of the U-type or symmetrical, but immediately 
he says that often this is the case, meaning sympathetic or homodrom. This is opposed to HanausekA 

view. ■ ■ ^ „ . 

The reason for the curvature of the ovule and the presence of the cleft in the endosperm, 
according to von Faber [1911], is that the locule, at first circular, grows in the tangential direction, 
becoming radially flattened. Possibly to economize space, the ovule turns close to a side of the 
locule and when this side is filled up, it bends down the other side. When the locule has reached 
its definite size and shape, the ovule is forced to bend itself once more to find further space. This it 
does at the end opposite to the insertion point of the funicle and pushes in between the septum and 
funicle. von Faber [1911] believes that this growth in length takes place at the distal portion of the 
endosperm, /'Gandrup [1923] is, however, of the view that it takes place at the basal portion. This 
difference of opinion is not of imich cohsequence, since is the same. But why in the same 

plant there should be the three or possibly four different kinds of orientation of the seeds is not clear. 
Gandrup [1923] was probably right when he connected this with the hybrid character of the plants 
in the field. The writer’s own [Venkatarayan, 1938] deductions in regard to black bean in coffea, 
point to the conclusion that there are possibly a number of hybrid plants in any estate. But this 
hypothesis requires experimental confirmation. ^ ^ ^ 

. Summary, ' 

In this paper, the orientation of the seeds in Coffea arabica Linn., G. Hiern., and C, 

Laurentii Wildem, (C, robiisia L. Linden) in Mysore is described. If fruits are cut transversely, and 
the basal half examined (each seed viewed from the ventral side) the appearance of the cleft in the 
endosperm, the funicles and placentae is characteristic. In the majority of fruits the appearance 
suggests the letter U, the two seeds being symmetrically arranged. In other fruits, the appearance 
of the clefts resembles a rounded off Z and in yet others the clefts resemble the letter S. There are 
also some abnormalities associated with this arrangement. 

The U-type fruits are antidroni, the Z-type fruits are homodrom right, and the S-type, homodrom 

lefri ■ . . ■ . ■ ■ ■ ■ ■ ' ■■■■■ 
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FIELD-STUDIES ON SUGARCANE BLACK BUG (MACm)PES- 
iLYaiFJmS' DIST.) IN THE PXJNJA B 

By IvHAN A, Rahmax, Government DAi.Bin Bixon^ Assistuiit Entoisiuioiiist jSiiunro'iiie I 

and Fx\rtaf SfxcjH (Jh'EemAj Assistant Entomoloji'ist (Insecticides), l-^injalf A,urit‘iilf iirai Goiieffe. 
and Researcli Institute, Lyallpiir "■ ' . . 

■ (KeceivfcHi for piib!ieatH:Bi ori 21 

B lack BUG' (J/ucrop.cs ejmetUftn Dist,) is one of the «lestr!ictive pests of siDiarc-aijc in l lie PuiiioB . 

According to Rahman and ILim Xatli [RLIU]. the tirst report of its ocruirrma i* as a smloji- pc-t 
of sugarcane in the Kanp’ra valley was receive<l in July, ; latir n^ports were Froni iVlutiwii 
(Slialipur District.) Gurdaspur, Kabirwala, (Multan <listrictA liVallpur and Bonepat (Roliiak iVi^wivt}. 
Since then, it has been found to be witielr dihtribiited in the clistriets of Karnal Auibala, LiidiiuOia, 
Julliindar, Hosliiarpiir,, PeiTj/.epore, AmiitsaT, . Lahore, Gniranwala and JJiaiig. Idjc nature of 
damage caused by this pest has been described by Ralinian and Daibir Singh [IhUj. Durioir dul}- 
1943, jlLicropes exmoalus Dist. appeared in an outbreak form at Kama! and. the different varierie^> of 
sugarcane appeared to have different intensities of attack. The present ]>aper embodies the results 
of the investigation carried out on "its behaviour and population during 1943-41.- 

Method and material 

The sugarcane black ]>iig multiplied in large numbers at the District, Agricultural Farm, Karnal 
during July- August, 1943, in the five varieties of siigarcario, r/:., (Jo.L.r>, Go.L.7, Co.312, (b.395 and 
Co.42i, which had been planted in replicated plots. In each variety, ])upulatioii of tlie pest on ever/ 
part of the plant was recorded during tlie second lialf of August when tlie pest was found both m 
the nyniphal and adult stages. For population studies, 300-b<Mt canes, taken at random, from each 
variety, were examined. The insects were found inside all the loosely attached leaf-sheaths and 
in the top-whorl. By August, every cane shoot had two to ten partially sejiarated leaf-sheaths and 
almost all of these were haihouring insects. Beparati* records of the number of insects (both adults 
and nymphs) found insiiie all the leaf-slieatlis and in the top-wliorl of each sugarcane shcM)t were* 
obtained. Observations on similar lines were also recorded during tlie fourth week of Xovemher, 
1943, wlien the pest was found exclusively in the adult stage am! a large number of leaves, up To 
21 in certain cases, Iiad dried iUid se])arated from the cane st(Hn. These observations were repwited 
during the last week of April, 1941 when the pest was met with only in the nvmphal stage. The 
leaf-sheatlis W'ero then tightly fitting to the main stem and as such most of tiif^ insects were fcainii in 
the top-wliorl. Thus obsei'vations on the beliaviour anri population rd' tlie pi^st in the tields were 
recor<led during aJ! tlie pliases of its activity and lifediistory. 


Tnt’exsitv of atta<‘k .in :diffekext varieties 

The data collected on the above lines were statistically analysed. The siisccj>tibility of the liVe 
varieties of sugarcane, under consideration, can be determined in two wtivs, namely, tlie percentage 
of infested shoots and population of lilack bug per shoot in each variety. The number of black biig.c 
per infested leaf-sheath varied from 1-4, 1-40 and 1-9 during April, August and November respec- 
tively, The total population of the insects per infested shoot during April. August and Xovemlier 
ranged from 1-21, 1-92 and 1-32 respectively. The percentage of infested caiie-slioots and the 
average population of pest in different varieties, recorded at different times, are given in Table I, 

*Subse ^uently received in a revised form on 8 duly 1947 





Pei’cr^ntagt' of iufosted cant' 


It will be ob.serve<l froin Table I that during April when the crop was yoiin^- and the siigareaae 
Mack bug had just resinned activity after wintering, there was hardly any difference in its population 
ill the varieties under consideration, and about the same percentage of shoots was found infested in. 
all the varieties. During A.ugust when the pest was most active, it exhibited differential behaviour 
towards different varieties. The figures in Table I reveal that during August the average population 
of the pest })er cane slioot as well as the percentage of infested slioots, were different in different 
varieties. Figures are the highest in Co. 421 and Co. L. 5. Next in order stands Co. L. 7 : Co. 395 
and Co. 312 happen to be the least infested. During November the pest was rather inactive and all 
the varieties had about the same percentage of infested shoots and had the same population. It is 
thus evident that the susceptibility of different varieties to sugarcane black bug can be best judged 
during August, when the pest is active : during April an<l November varietal differences are not 
clearly marked. 

Observations were also made to analyze the factors responsible for causing variation in black 
bug infestation in the five sugarcane varieties under study. As the insects were ibund located inside 
leaf-sheaths, deta,.iled particulars of the leaf-sheaths in each variety were recorded. Area of the leaf- 
sheath and the nature of its connection with the cane stem, were worlced out. For this puipose, 
7th and 11th leaf-sheaths were selected and in each variety measurements of 150 leaf-sheaths 
of infested canes selected at random were taken during August and November. For finding out the 
leaf-sheath area, the bottom and top breadths aiid lengtlis of sheath were measured. The distance 
between the cane stem and tlie upper end of the sheatli determined tlie ' detachment the down- 
ward length up to which the leaf-sheath had separated from the cane stiun was determined by in- 
serting a probing neefile. On the basis of data pertaining to leaf-sheath and infestation figures in 
different varieties, it was concluded that variety having broader and loosely attached (having bigger 
' detachment ’ at the top and extending downwanls for a longer distance) leaf-slxeaths harboured 
a larger number of insects and had thus In'gher infestation as shown in Table IL 

Table LI 

Skoinvf/ dire(‘t correlation between broader and Umehj attavhed IcaJ-^^heathH and hifilier mfe.Wion of black 

hag in different mrietiet^ 

I Al€^a8uremetit.s of leaf sFieaths 


Average area 
in sq. iucheK) 


Average top 
detachment 
(in inches) 


340*74 

255*50 

231*65 

19M5 

14^74 


* Numbering of leaf-eheatfes starts from bottom of the plant 
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IXYII 


Tbe popiilatioi,! of tlie pest on an infested shoot was not nnifornily distributed inside dilTerent 
leid-sLeaths. l\looMO'ei\ the relative aJnindance of the insect inside different leaf-slieaths Ya.ried at 
different tiiniNs of the season. Actual record of the number of insects found inside every leaf-sheath 
of 300-500 canes in- eacli variety was maintained during Apiil, August and Xove.ml)er and it was 
observed that the tnnul was the same in all t]i.e varieties. Tlie percentage of infevsted canes having 
insects inside differnt leaf-sheaths, along with the average population thereon. i*e(‘orded at different 
times of tile year, is given in TaJ)Ie 11]. 

It will ])e o])served from the Table 111 that during April, the population of the pest wa,s maximum 
inside tlie 4th leaf-sheath and also a higher percentage of infested shoots ha<l insects inside this 
particular leaf-slieath.. During August, the population of tlie pest was the liighest in the 3rd arid 
the 2nd leaf-shcnitlis ; jiext in order were tlie Ist and the 4th. The population decreased from the 
4t]i to the iOtli. TJie order (rf significance in this respect has been sliown in Table III l)y drawing 
horizontal lines. The* low ])opulation of the pest inside tlie 1st leaf-sheatli was low probablv due to 
the fact that this part of the plant was almost in the soil and was smeared with mud ami vvatei„ 
During November, however, tlie population was tlie highest inside the 4tli, 5th, 'Ttli, bth. and 3rd 
leaf-sheatlis. The onhu* of significance during this period also has again been sliown by dmwing 
lines in Table llJ. It was also observed that leaf-sheath having the highest population of insects 
was the most frequently iniested. Tims the ^ population ’ and the ^ percentage ’ have similar trends* 
The distribution of the pest inside different leaf-sheaths liad revealed that, in most cases, the infesta- 
tion was confined to the 3rd to fitli leaf-sheaths. This point is of practical importance as for rec'ord- 
ing infestation figures for comparing different varieties of sugarcane, quite accurate data can be 
collected by examining only the 3r<l to fith leaf-sheaths and lot of time and labour saved. 

Migration, of the pest 
( 1 ) Seasonal migration 

It was observed that insects had different population densities on different parts during different 
times of the year. During April, all the infested cane shoots had about 4*5 insects in the top- 
whorl ; during August only about .30 per cent of the infested cane shoots harboured about 2*7 insects 
in this part, while during November there were no insects in the toj^-w'horl. The population inside 
different leaf-sheaths w^as also widely different during different periods of the vear as shown in 
TableJV. . ^ 

Furthermore, the nymphs and adults seem to have preferences for resting on different parts of 
a plant. Detailed observations were made on the number of nymphs and adults inside different 
leaf-sheaths during August, when the pest wus found both in the adult and nymphal stages. There 
were more nymphs than the adults inside first leaf-sheath but in subsequent leaf-sheaths the number 
of nymphs decreased and that of the adults (Correspond in gly increased. However, in the top-wiiorl, 
the population of nymphs was many times more than that of adults. Details are shown in Table T* 

Table V 

Average ratio of nymph /adult population on differerU parts of the cam-shoots in different 

varieiies dtifing AiAgust 



}?art. of the plant 


Co.L.5 

Co.L.7 

Co.312 

Co.395 

Co.421 

Ist leaf-sheath 





6*4 

6*64 

1*5 

5-37 


2nd' ■■ « 

f . 



. . . 

3*11 

2-96 

L76 

2*9 

2*26 

3rd „ 





1*46 

M6 

1-26 

1-74 

J*37 

4th „ 

- 




-92 

1-62 

•83 

1*9 

•94 

5th ■ • ■ „ 





•43 

1 ■: *75 

•73 

2*28 

■ <4 

6th „ 





•68 

•21 

•17 

•88 

'67 

7th 





•18 

- *08 

•24 

•36 

•41 

8th ; „ 





•02 

t 

t 

t 

“26 

9th „ 




■ ■. 

t 

•019 

t 

t 

"019 

10th „ 





t 


J$S 

t 

t 

9-5 

Top-whorJ 

Z 



. 

38-5 

28-6 

42-3 

55-7 


* Adults and nymphs both absent 
t Adults present but nymphs absent 


i 
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(11) Dmly migmUou 

During April wlieii^tlie plants are young and the season warms up the insects wereolisemiil to 
change , places .during different .hours of the day. In the mooiing they were foiiiui disirilnited all 
over the plant but as the day advanced 'they migrated' upwards and at noon all of tliein f*oiigfegated 
inside the top-whorL In the evening the insects again migrated back to the louo^r portioiis fff the 
plant. Results of several days’ observations daring April, 1944 are presented in Table \1.. 

Tabuk VI 

Distfibution of bhck bttg on a ai different howrs 


Summary 


Sugarcane black bug (Maoropm emuMiis Dist.) is one of the^destriicti\"(‘. and wid<dy distributtid 
pests of sugarcane in the Punjab. Observations on the behaviour of this pest in live varieties of 
sugarcane at different stages of crop growth were inade during 194S and 1914. \Arietal differences 
with respect to the incidence of this pest are significant only during Augiisfc when tlie pest was most 
active. The varieties having broader and loosely attached leaf-sheaths were more heavily infeste<L 
The pest was hot uniformly distributed over the infested shoot : heavy infeskition was inostly confined 
to the third to sixth leaf-sheaths. This point is of practical unportance as during activ(3 period of 
the pest quite accurate data on the infestation in different varieties and in. plots receiving different 
treatments, can be* collected by examining only these particular leaf-sheaths and lot of time and 
labour saved. The intensity of population on different parts of a plant fluctuated at different times 
of the season ; when the plants were young, the insects were observed to change places during 
different hours of the day. 
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Time of ob.servatiou 


Poxjulatioii of black bu;. 

ri inside 

1st 

ieaf-slieatk 

2nd 

leaf-sheath 

pvd 

leaf-slieatb 

lib ; lop whori 

ieai'-abeat-b 

7 A.M. , . . . . ■ • . . . ^ 

6 

■' ' 28 . 

28 

dd 072 

S A.M. ^ . . .■ . . ; . ■ , - : . 

2 

11 

55 

8! 1050 

9 A.M. . . . ' ■ . . ■ . ' . 

0 

12 

■■ 21 

m no2 ' 

lOA.M.. ..... 

7 ■ 

17 

24 

102 1152 

UA.M. - . y . ' . . ■ • . ■ . . . 

tl 

15 

20 

1 ;u 1101 

12 Noon . . . 

0 

9 

1 

4, , 1278 , 

f,m:. . . . 

25 

12D 

80 

25 , 080 






DAMAGE TO THE WHEAT CROP BY RUST IN RELATION TO 
VARIETY AND TIME OF SOWING 

By R. B. Ekbote and Rao Saheb Dr R. J. Kalamkab, Department ef A;,'ricultinre, C. I'. 

(E(‘ceivecl for publication on 24 June 1M0) 

A n outbreak of black stem rust, Puccinia graminis tritici, in an epidemic Ibrui. marked the wheat 
growing season of the year 1943-44. With a view to assess the damage caused to the standing 
crop, a survey was undertaken in the affected parts of this province and it was observed that, among 
other things, the time of sowing and the kind of variety grown, principally determined the extent of 
loss. This visual observation w'as verified by actual estimation in an experiment which was laid 
out at Government Farm, Dindori (Mandla District), primarily to ascertain the (dfcct of frost and 
was to be rejected as there was no frost in that season. 

In the experiment referred to above, seven wheat strains, viz., I.P..j2, I.P.lUl. AUPi, A(M9, 
A068, A090, A115 and a local variety (which from the plant characters was found to ho Ad9(), th<^ 
strain grown on a large scale in the locality), were sown on three diftereut dates, n'z., -ill-iO-l.1, 8-11-43 
and 19-11-43, in six replications. The layout was of the split-plot design, with sowing date as the 
major treatment, varieties being superimposed. The 144 plots were divided into two equal halves 
from each of which, 8 lines, 2 ft. long were harvested and bulked. Although, both the weight of the 
produce so obtained and that of the 1,000 grains therefrom were recorded, the actual loss by ntst 
was calculated from the latter. It is a common knowledge that yield is influenced by a variety of 
factors amongst which plant population surviving at harvest is the most significant and it is this 
factor which varies greatly in different sowings. On the other hand kernel weight is not appreeial)ly 
influenced, within certain limits, by sowing time as will be evident from the figures given in Table I. 

Table I 

1,000 kerml weight of I.PM, sown at intervals, at Government Farm, Samjor, l9Fi-4i 


Sown on 


6-10-43 

5-1143 

64143 


Weight' 


33'2 um. 

29 - 0 ,, 

30- 3 „ 


The figures of 1,000 grain weights from the 288 sub-plots were statistically analyzed and the 
results obtained, are summarized in Table II. 

Table II 

Mean 1,000 grain weight in grammes of different varieties sown at intervals 

I Varieties I 


Sowing time 


I. P* 62 

.P. 101 

A 013 

A 049 

A 068 

A 090 

A 116 

Local 

2543 

33*61 

35*72 

36*75 

36*67 

31*12 

30*22 

31*96 

20*37 

20*40 

16*21 

14*63 

17*40 

16*90 

18*12 

17*80 

.^*02 

10*97 

9*56 

9*56 

8*83 

10*27 

10*71 

10*14 

22*41 

21*66 

20*49 

20*31 

0*3140 

20*96 

19*42 

21*68 

19*96 


Mean S.'B, 


^ m I 

■. H L 

. I.' - 






.^arly 

Normal 

Late 


, ■■■. V ... t ! — 

The association of highest grain weight with early sowing in all varieties is indicative of the least 
damage by rust, which increased significantly with delayed sowing. 
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Sinee grain \teiglit is not constant in. all varieties, tlieif compafison based simply on tlieir 1,000 
grain weights will not be valid. However, the loss in the weight by delayed sowing, within the self- 
same variety, wonld indicate the extent to which it has suffered. This has been calculated and 
shown in Table III. ' ' 


Table III 


Loss m IJJOO ymins v: 


SOtmiU}: 


It will be seen tlxat the varieties have sustained a loss to a varying degree, I, P.52 showed the 
least damage, whereas A068, A016 and A049, were most afieoted. 


Summary 

An attempt has been made to indicate the damage caused to the wheat crop by rust in relation 
to the variety grown and the time of sowing. 

It was observed that, ainoiig othet thihgs, the time of sowing and the kind of variety grown 
principally determined the extent of loss. 


Variety 

Loss, in weight 
between early and 
iiormai sowings 

.Loss in weight 

between early and 

late sowings 

L1U2" A '■ ■ . ■ ... ' A' " . ' , . . : 

: 4*76 

. 10-2 

A115 . . . A . 

■ ■■ '12dO" 

, , 19-51 

I.P.lOl . . . . . * . . . . . 


,22-(>4 

Local (A090} . . , . * . . . . 

IPW 

, 21-82' . 

AO^ . : . ; 

14-22 

■"■■"■■■■■■20-80' 

Aoes . . . . . . 

19-27 

.■■ ■ ■■27-84, ■■■■■■ 

A013 . . ... . . . . . 

19-01 

'20-10. ■■:■,, 

A049 . . . . . . . . . , 

22-12 

■ - 

' , 27-19 ■ ■■■ 



EFFE('T OF FROST ON DIFFERENT WHEAT VARIETIES 
SOWN AT INTERVALS 


By R. B. Ekbotb and Dha>;xalal, Wheat Sesearcli Station, Bowarkhera. C. 1 


(deceived for publication on il4 June 1940) 


T he,, wheat crop in the northern part of this provmca .is' subjected to o(;ca.siojial d'amage' b:v" 
frost. In the^year 1928“29j an excellent crop was outright destroyed (.n'enught arid 
such a widespread and calamitous damage has not occiirreii since then, spcjradif? attacks ha\a‘ boen 
reported off and on. 

In the absence of facilities for artificial testing, experiments wer(‘ lai<i out on dillbrent farms to 
ascertain varietal reaction and the effect of time of sowing on the extent of dama.g <3 under naturu! 
conditions of frost ocourrence. In these experiments, seven wlieat strains, Ao-lb, vViHts, AobO 

Ail5, i.P.r)2, LP.lOl and a local variety were sown on three different dates, /.c., ilMO-42, 29d.O-42 
and 17-11-42, in six replications. The layout was of the split-plot pattern. 

At the Government Farm, Saugotvone of the stations where the experinnmt was laid out, there 
was frost on the 7th, Btli and 9di February, 1943, of mild intensity. As the daniag«‘ was spuradicy 
the following sampling method was adopted to estimate the same. Four unit areas, <'ac]i I ft. x4 ft., 
were marked out in the affected portions of eacli plot and the number of affected and normal ears 
were counted from eachx)f thejii. The ears tvere threshed separately and the weight of proiliice 
therefrom was recorded. The effect of frost on yield of grain was determined by calculating the 
difference in the grain weight of the frosted and an equal number of iinaftecti‘d ear-heads. 

The data tlius collected was analyzed statistically and the results obtained are given in Table J 
and IL 


Table 1 


Mmn toss in yield in different sowings Ih, per acre 


Mean toss in yield of gram of differ ent varielies in Ih. per acre 


l.P.lOi 

i.p.r>2 

A115 

A090 

AO 13 

A049 

A008 

Local 


Sowing time 

Mean loss 

; Standard ernjr 

Early sowing (1940-42) . . . ... 

' 2348 


Normal sowing (2940-42) . . . .... . . 

20-87 

3-32 

Late sowing (17-11-42) . . . . ... . 

% 

13*o4 
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It is cviileiit. tliat the effect of time of sowing the crop on the extent of frost damage, is not 
siimificant although tlie figures indicate that the loss was less with delayed sowing.^ • ^ 

Varietal reaction is, however, clearly perceptible in the case of the local variety, ^Jich suffered 
most aixl I 101 and I.r.52, which sustained the least damage. Strains All 5 and A090, too, did 
not suffer to the extent to which A013, A049, A068 and the local did, although the differences in the 
loss of viekl between them are not in all cases statistically significant. 

Summary - 

Experiments were carried out to ascertain varietal reaction and the effect of time of sowing on 
Ibe extent of damage under natural conditions of frost occurrence. _ 

Tlie effect of time of sowing the crop on the extent of frost damage was not significant. \ arietal 
reaction on the other hand was clearh perceptible as between certain varieties experimented with. 



RESEARCH NOTE 


VERNALlZxlTlON, AN AID IN GEOF BREIilMNl 


'BkbotEj W}iea.fc Kescuii'di Statiior^ Powarlvlienij C 


(ll<jceiv€?d for pEblfcatloji oii i!:!: Jwiio 19461 


F llOJ'f among tlic wlieat varieties obtained from e-ountrios 0 Htsi<le Indim a ibw whmv fbiind to 
be liigHy resistant to black rust. The iise'of tlicsc strain^ as fat rents (nr la-n'isiiin with tlm local 
■varieties, however, presented (lilhcnlty on aoeoniit of tlieir late earing duiracter. To OAAH'f'taiiii tliis 
liandiea.p, an attempt was made to induce early flowering in them, by means of vtaii.ilizatinm For 
want of a r(‘rrigerator or nn electorlnx, tli.e treatment Avas carried cait in a widnouou‘;i thermei-ilask. 
Pctri-dislies containing tlie sprouted seeds wem placed in a tiffimearrier wliicli was inserted in the 
flask. Siiflicient ice was added from the sides and on tlie top of tlm, tifliic-carrie!^ and the snpplv (»f 
ice was repliujished off and on. TIio tempm'atiire insiflc Ibe flask nnHaitasi S’' to Itr hi Tie* treat- 
ment was carried out for 10 days after wldclgtlie treated seeds were talom out and s<nvn in earrlicii 
pots. Tlie untreated seeds, the controls, were sown in tlie held. As ti iv^idt of the tn-aUnent. 
caring was iiccelerated 1>y 20, 10 and 3 days iu Ml 44, jix.oO and KhapH {T. iUjuh-ifhH}, resfiectively. 
In the following year, /.c,, 1043-44, srdt was added witl) icxj amJ tlm inixturv was changed more 
frequently with the result that the temperature inside the flask could be. (uouuht slown i,o about 
6"^ C. Tlie period of treatment could, therefore, be prolonged to 25 days. This rime, hf*ih the treaO d 
and untreated seeds tve^re sown in the pots. Tlie former slM>v\'ed an aci'eleration own* tie cojitrol 
by 47 days in the case of Ex.2>0, 35 in Bx.3, 29 in B.144 and 28 iii KhaoH 

The results were very encouraging and eiialded tlie crossing work l)t‘ing takm up IrofU as early 
as the last week of December. 

Judged by the reaction sliown by the foreign wheat varieties triGd, vernalization i- eunsiGlered 
to be a distinct aid in crop l>reeding work. 








The Ne Genetius' ih the'Soviet Umiom -, 

By P, S. Hudson .and J:L H. fitOHEKs {Pubiyied'by imperial "Bnieaii of Piaiit Breeding and 

■ (ieneticsj Cambridge, 1946) P - . ^ ^ 

T he genetics controversy, associated with the name of. the K,u$Biaii agro,nomisfe, T. ,D: Lyseiikci, 
has now become well-known and has. "excited a great deal of interest among the scieiitifics \wa%ers 
all the world o\'er. n.i.c .history of genetical researdies in Rassia d«,ring the last te.E years, o,r a. little 
over, appears strange to oiitsiders ami' much confusion exists in the minds of scitnitists as to the 
present positio!i ot tiiese researches in. that cou.ntry. Scientific theories arc known to transcend 
geographical boundaries and until tlm end ol the third decade there was, as Wiu to luiturally 
expected, little difference in the genetical theories held in Russia and tlujse in cdlus’ comltrif^s. But 
some time in 1935, a new school of genetics arose in Russia under the leaderslii}) of Ly^'.cnko wiiich 
put forward certain theories veiw different from those of other geneticists. This gave rise to a gniJit 
deal of controversy for sometime: gradually the new school of Lysenko a.nd his eolleaguc- Pre/amt; 
became dominant and came to occupy a very prominent place' in tlie us a result of the la-rgo 

amount of official support it received. 

Attempts have been made in the past by different authors to analyze the tlie^ories of Lyse.nko’s 
School, but the views expressed by them have often been emotional and, as sucli. a fair critieism of 
the theories has not been possible. The name of Lysenko has given rise to some sort of prejudice 
and the new theories have sometimes been condemned by reviewers as absolutely invali<l and im'* 
scientific and straightaway rejected, although adequate relevant data W(‘re not available to people 
outside Russia. What was needed was an impartial statement without any prejudice whatsoever 
which would enable the reader to form a correct idea of the actual position of geiieti(*al researches in 
the U.S.S.Fv. The authors of the present bulletin, Dr ' Huffson and Dr Rielnms, ha\ e put before 
the public a very carefully prepared critical statement and have dealt with the rekivant facts 
impartially. In fact this is the first real attempt to give a detailed objective account of the con- 
troversy, based exclusively on •Russian publications. 

It is pointed out tliat the ideas of Lysenko^s School are based on the philosophy of dialectical 
materialism and they have been very greatly influenced by the writings of Darwin, Micurhi and 
Burbank, 

The bulletin is divided into six chapters, the first one being a short introduction to the subject. 
The historical and psychological background, against which the new theories have developed, has 
been discussed in the next two chapters. The authors have tlone well in prefacing tim detailed 
account of the present position of genetical researches in the U.S.S.R. by a clear ex|)osition of the 
background, since a knowledge of the latter is very necessary for understanding the modern Russian 
outlook. * 

The fourth cliapter deals with a summary of a very large volume of experimental results claimed 
by Lysenko’s Bchool as evidence in support of its genetical theories. Thej' have been critically 
discussed under twelve headings, the genetics of earliness, the prediction of dominance, degenera- 
tion of pure lines, rejuvenation, induced mutation, segregation, uiillardetism, Fj heterogeneity, 
reciprocal Iiybridization and internal genetic variation, mixed inlmritauce, graft hybridization. 
With regard to the last one, the authors of the bulletin hold the view that further experinikits are 
necessary for coming to a definite conclusion. They state that in most of the other cases the point is 
not pro\n^d by the evidence 2 >at forward, or even if proved, as in a few cases, it is nothing new* 
Lysenko and his followers have stated that the above results hold good under appropriate environ- 
mental conditions, but curiously enough these conditions arc not specilied !>y them. Tliere have 
been objections to acceptance of many of these experimental results on account of defective experi- 
mental procedures described. The antipahty of Lysenko’s school to statistical analysis, even though 
most of the evidence is quantitative makes its validity still more doubtfiiL 

The theories put forward by Lysenko and Prezent to explain all genetical facts and their own 
results are dealt with in tlie next chapter. The most important of their hypotheses is the theory of 
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‘nutrients’. The authors of the bulletin present a critical analysis of the theories to prove their 
validity or otherwise. They state that a serious general criticism which applies to all aspects of 
Lysenko’s nutrient theory is that it has never been investigated physiologically. According to 
them ‘Nutrients are invoked to explain every kind of genetical phenomenon, but jery_ seldom is 

any attempt made to specify what the relevant nutrients are, or what is the mode of their action. 

Lysenko and his followers have advanced arguments against Mendelisny and ^ indeed have 
attempted to overthrow modern genetics. Their criticism has been dealt with in the sixth chapter 
of the bulletin. Much of the criticism of Mendelism by this School owes its origin to the fact that 
the former does not conform to dialectical materialism and the recognized authorities, v-vz. Darwin, 
Micurin, Timiriazev and Burbank. Hudson and Eichens discuss these arguments critically and 
state that many of these are worthless, since the new School attacks genetics of thirty years ago. 
It appears that Lysenko and Prezent are not familiar with modern genetical theories and, therefore, 
much of the criticism loses its value. 

The authors have been quite successful in their attempt to present a detailed and critical account 
of the very controversial subject. Credit is all the more due to them for remaining impartial while 
discussing the different theories of the new School and analyzing the merits and defects of the argu- 
ments of Lysenko and his followers. The restrained language used and the impartiality shown by 
th- authors will, it is hoped, be of the utmost help in removing the misunderstanding that now exists 
between the school of Lysenko and that of international genetics, and encourage cooperative work 
by them which is very necessary for arriving at definite conclusions regarding some of Lysenko s 
results. 

jg®*. The authors have taken great pains in preparing this well- written treatize which will prove very 
valuable to all scientific workers. 

Tliere is a bibliography of about 300 references and all important statements of authors quoted 
are given in the original language as well as in English. 
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ORIGINAL ARTICLES 

VAEIATIONS IN THE PROPERTIES OF THE COTTON 
TION TO ITS POSITION ON THE SURFACE OF 1 

By Sri ■Nagabhitshana , ■ B.Sc 


F.T.I. Sri Krishnarajendra^ Silver Jubilee 
Bangalore 

{Received for publication on 18 February 1947) 

( WItii nine text figures) 

problem of the variation in fibre properties on the surface of the, see< 
A Indian cottons has been dealt with in an earlier publication [Koshal a 
the results of an investigation relating to fibre-length, fibre-weight ])er in 
described in detail. The present paper coiibains an account of a si mil at 
to three orher iBmaining properties, iuimely, fibre-rigidity, rib])on-wi<lt]i a 
using the same standard Indian cottons. 


■ Material 

I The material used in this investigation was the same as that on which IcsIkS wclx) made by Koshal 
l.nd Ahmad [1932], the slivers having been prepared, conjointly by us. 

Only in the case of Nandyal 14 fibres from all the four regions of the seed (base, apex, right flank, 
left flank) and the combed fibres were tested, while in the case of the other cottons the fibres from 
the basal and the apical regions were examined. 


Discussion of results 


„ (Fibre rigidity) 

(a) Base and Apex. 

The frequency distributions lor fibre-rigidity for the fibres taken from the basal and the apical 
regions of the seeds of eight Indian cottons are shown in Table I, 


Table I 


Frequency (listnbution--Jih^ rigidity^ base and apex 


Bynes 

Cm.» 

.''■Naiwlyal'. ^ 

14 

P. A. 4F. 

C. A. 9 
(1928-29) - , 

■ 

O A 9 
(1929-3C>) 

Gadag 1 
(1928-29) 

Gadag 1 
(1927-28) 

Veruiii 262 
(Nagpur) 

Surat 1027 

A. L, F, 

Group 

B A 

■ . . . , .. 

B A 

B A 

1 B 

A 

■ 

B 

■ A 

i 

; B 

A ■ 

B , A . 

B A 












— „ 

0 

38 6 

36 f> 

6 3 

l.f> 

1 

18 

2 

19 

0 

15 0 

40 3 

1 . . ! 

28 11 

42 7 

24 T) 

2S 

10 

(U 

o’ 

,53 

13 

30 Tv 

34 11 

. B / . . 1 

25 li) 

32 14 

34 22 

34 

23 

30 

24 

41 

6 

20 5 

18 18 

3 , . 

21 29 

22 19 

82 28 

25 

41 

16 

26 

17 

21 

39 8 

14 26 ■ 
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Table I 

Frequency a'stributlm—jibre riy'dity, base and ape,v 

P. A. C. A. 9 C. A. 9 Gadag 1 Gada^ 1 

(1928-29) (1029-30) {1028-29} (1027-28) 


Veroiu 262 
(ISTagpur) 


Surat. 1027 
, A. L. ¥. 


f, 

!j '.1*1' f , 

' 'I'i! ' ' ' ' 

' jt 

iliiis 


19 26 

10 20 

16 12 

5 12 


22 12 20 


22 

30 

10 

26 

M 

19 

IS 

10 

8 

15 

18 

17 

10 

14 

{> 

17 

8 

19 

9 

13 

1 

13 

0 

20' 

1 

17 

10 

18 

5 

8 

4 

0 

1 

15 

1 

18 

8 

16 

6 

7 

1 

4 

2 

10 

1 

1 15 

5 

14 

* o 

11 

1 

1 

0 

■ 4 


1 10 

5 

10 

3 

8 


1 1 
0 


.Xotal No. of 148 154 155 160. 150 149 \ 150 160 150 153 153 149 

te&ts 


152 153 150 151 


i,ne m 

in Table IT 


B™Base; A = Apex 

The mean values and all the statistical constants calculated from these distributions are given 




Table II 

ireqttency constants for freqtiency distributions of fibre rigidity— base and apex 
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Tlie oieau \'a.]ua,K arid their cUflerences which are given in coliiinns 4 and 5 of Table II, may bo 
considered first. It is found that in the case of all cottons the apical possess higher rigidity 

than the ]j>asa,i fibres ; the differences in the mean values, calculated in terms of the basal fibres are, 
however, not; the same for the different cottons, but vary from 38*0 per cent for C. A. 9 (1929'30) to 
183*4 per cent for Cfadag 1 (1927-28), showing a great dissimilarity of behaviour in this respect by 
the different cottons. These differences are all in the same direction, and are, on the whole, large ; 
but, before wo may draw any conclusions from them, it is necessary to apply some criteria of signi- 
ficance. The need for applying some such criteria becomes evident when we consider the values of 
coefficient of variation for this property given in column 7 of Table II. It will be seen that this 
statistic varies frotii 39*7 to 114*4, showing the extreme dispersion in this property from fibre to fibre 
in the same sample. Now, in a normal distribution the standard error test would be adequate, but 
an inspection of Table I would show that the values obtained for this property are very asymmetri- 
cally distributed, which is also evident from the disparity in the values of e^, 62 , Q and E (S. 0.). 
Hence in the present case the standard error test cannot be applied and it is proposed to apply the 



following criteria. 

In the first place it will bo noticed that, for all cottons, except Nandyal 14 and C. A. 9 (1929-30), 
the mean value for the apical fij')res is greater than the upper quartile for the basal fibres. Even in 
the case of these two exceptions the upper quartile for the basal fibres is very nearly equal to the 
mean for the apical fibres, showing clearly that there is a predominance of fibres of greater rigidity 
in the apical region of the seed ancf of fibres of lower rigidity in the basal region. 

In order to judge the results more rigorously, we can apply a test known as percentage divergence 
test. For this purpose the frequencies are calculated on percentage basis for the different groups ; 
the difference between the basal and the apical values for each individual group is shown in Table III. 


Table III 


Percentage frequency disiribution of fibre rigidity , and divergence percentage 


Dynes cm.s 10-a 
Group 
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,: . .Tablb IJI .. . 

P^fc&ntage freguemy dist^^^ (Uvergeme peramldga 


Dynes cm2 oi 


Nandyal 14 


Divergence 


Terum 262 


The individual divergences added up (irrespective of sign) give the total percentage divergence 
between the values for the two regions of the iseed. If in a given case, the difference for the two 
regions of the. seed' is not significant, then not only would the total divergence be small, but the indi- 
vidual values of divergence would be nearly alternately positive and negative. It will be seen from’ 
Table III that this is not the case for any one of the cottons. In almost every case the divergences 


18 ^ . . 

19 

20 

■ 21 .' 

aliove 22 


B ■■ ■ ■ A' ; ' A-B 


B — Base ; A = Apex 
Gadag 1 (1928-20) 


r. A. 4F. 

B 

A 

A-B 






110*4 


Gadag 1 (1927-28) 


1027 A. L. F. 



jsiriH 
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are negative In tlie first three or four groups and positive in the remaining groups and the total 
divergence is liigh, ranging from 53-8 to 122’2. Considering the case of Nandyal 14, for which the 
((uartile test was inconclusive, the divergence is negative in the first three groups and, except for the 
6tli and the 14th, positive in all the other groups. The total divergence is also high, being 56*8. 
Similarly, in the case of C, A. 9 (1928-29), the total divergence is 53*8, the first four groups are nega- 
tive and except for the seventh group all others are positive. For the same cotton of the following 
season the total divergence is 60*0, the first three groups are negative and, excepting the fifth, and 
the twelfth groups, all the others are positive. This analysis shows that even for these cottons the 
differences in mean values are significant, although they are small as compared with the others, which 
therefore must be highly significant. 

We are thus led to conclude that fibres on the apical region of the seed possess higher fibre- 
rigidity than those on the basal region, the difference between the mean values for the two regions, 
varying from cotton to cotton. 

The frequency distribution curves for the basal and the apical fibres for all the eight cottons are 
given in Fig. 1, 


BASE 


6A0AS 1 


6ADAG 1 

(^ 1928 - 29 ) 


VERUM 252 


GROUP 


10 DYNES CM’- 


is seen from tliese that all the cun'es deviate, from the normal. This observation is supported 
high coefficient of asymmetry found for both the apical and the basal fibres, wliich are given 
i^UfrfTable n. ■ . • . " " , ' , _ ■ 




DECEMBER. 


VARIATIONS IN THE 'RROPEBTXES OB’ THE OOITON EiBRES 


, ' Surat 1027 A. ' L. F. . ■ . .. ;■ _ . .. , , Pronounoed J-shape. 

. . J-shape. 

; . , -.G^A. 9 . . . ■ . . /. . . , Least. J-shape... .. .. 

It is interesting to observe that a similar classification would result if the coefficient of variation 
were taken into consideration, 1027 A. L. E. having the maximum value and C. A. 9 (1928-29) the 
ininimum value. 

The cottons may also be classified in respect of the skewness of the curves for the apical fibres. 


It is found there from that in the case of five cottons out of eight the mean value for the bulk 
lies nearer to that for the basal than for the apical fibres. Among the remaining three cases it lies 
midway between the two for P. A. 4P, and nearer to the apical value for 0. A. 9 (1928-29), while it is 
higher than the values either for the basal or the apical fibres for the same cotton of the following 
season. Thus for a majority of the cottons the bulk mean value lies nearer to that for the basil 
than fo? the apical fibres. , 


Comparing the curves for the apical and the basal fibres it is noticed that the distribution in 
the former is skew, while it shows a distinct tendency to J-shape in the latter. The comparatively 
lower values of the coefficient of asymmetry for the apical distributions (except for C, A. 9-1928-29, 
where it is nearly equal), as well as the lower values of the coefficient of variation for the apical fibres, 
afford statistical evidence for the greater departure from normality for the basal distributions. 

A visual inspection of these curves shows that the cottons may be classified as follows under 
three heads in respect of the type of frequency distribution of rigidity values for the basal fibres. 


Table IV 

Comjmrative fibre-rigidity 9 )alm$ ( dynes cm?' 10"^,) 


The skewness(6*) is to be expressed according to Pearson’s formula, 


mean-mode 
standard deviation* 


result is as follows : 

Verum 262 & 1027 A. L. P. : 


. Largely skew (skewness 70*>5Q). 


Cotton 


Apex 


Base 


Bulk 
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1- 97 

3- 26 

2- 82 
2-00 
1*99 

4- 17 
3-00 


4-42 

5‘06 

4*55 

3*89 

4*77 

5*64 

8-77 

6*66 


303 

3*85 

4*28 

5*31 

2*47 

2*72 

3-46 

2*2.5 


Nandyal 14, P. A. 4P, C. A. 9, Gadag 1 (1928-29) : . Skew (skewness between 0-250 and 

0-750) 

Gadag 1 (1927-28) : . . . . , . , Less skew (skewness <0-250) 

Two different types of distribution are thus obtained for the same cotton, depending upon the 
region of the seed surface, the basal region giving a J-distribution and the apical region a skew dis- 
tribution. This holds good more or less for all the eight cottons tested in this investigation. 

We will now compare the mean values and the types of distribution for the different regions 
of the seed surface, with those obtained for the bulk sample and consider the effect of the former 
upon the latter. The values for the bulk samples are taken horn Technological Reports on Standard 
[Ahmad, 1931] : 


Nandyal 14 
R A. 4F 
0. A. 9 (1928-29) 
C. A. 9 (1929-30) 
C4adag 1 (1928-29) 
Gadag 1 (1927-28) 
Verum 262 
1027 A. L.R . 
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Cotton 


Verum 262 (Nagpur) 


0-3791 

0-3515 

0-1308 

0-1171 


In so far as the distribution of these values is concerned, it has been shown by Koshal'and Turner 
[1930] that when a sufficiently large number of fibres of 1027 AX.F, were tested,' the bulk sample yield- 
ed a cliara cteristically J-shaped curve of distribution for fibre rigidity. For this cotton at least, there- 
fore, the bulk sample is similar in this respect to the basal fibi^es. If this were true of other cottons 
as well, the effect of the apical fibres on a bulk sample, either iii increasing the mean value by virtue 
of their higher rigidity or in modifying the' distribution by virtue of their skewness, is masked to 
a large extent by the numerical preponderance of the less rigid fibres and the strong J-tendency in 
their distribution, A J-shaped distribution indicates the existence of a large number of fibres of 
low rigidity and a comparatively small number of high rigidity ; the former possibly being iiieluded 
among the combed hairs, which will be discussed later, and the latter among the apical fibres. 

Seasonal fluctuations. Only two cottons, Gadag 1 and 0. A. 9 were tested for two different 
seasons. From the results obtained it is interesting to note that while the regional difference in 
the mean values between the basal and the apical fibres varies considerably from cotton to cotton 
as noted earlier, for any one cotton, from season to season, the variation is much narrower. 
For Gadag 1 the difference is 138-5 per cent in one season and 183*4 per cent in the other, and for 
C. A. 9 it is 38*0 per cent in one season and 39*6 per cent in the other. It is thus found that 
while the ratio between the values for the basal and the apical fibres varies considerably from cotton 
to cotton grown in the same season, for any one cotton grown in different season, the ratio is some- 
wliat constant. This shows that the influence of environmental factors on the relative variation 
in the rigidity of the fibres from different parts of the seed is fairly constant. Further, the types 
of frequency distributions are also nearly the same both for the apical and the basal fibres in the 
different seasons. — 

Rigidity modulus of the material of the fibres. During the measurement of ribbon- width and 
convolutions, the fibres of Verum 262 and 1027 A. L. F. were classified, according to their appearance 
under the microscope into two classes (a) thin ribbon-like and (6) stout rod-like. Rigidity tests on 
fibres falling in the second class, which appeared cylindrical and had few convolutions, showed that 
they generally possessed high values of rigidity. From these observations the rigidity modulus of 
the material constituting the basal and the apical fibres was calculated according to the method 
suggested by Peirce [1923]. The coefiicient of rigidity as given by Peirce can be calculated from: 

(=fibre rigidity = --- pp— ■ Appendix where p=couple per unit twist per unit length, s=area of 

cross section and jE=a quantity depending on the shape of the cross section. For nearly cylindrical 

fibres falling in the second class E=^l and 6*^= where S is the diameter of the fibre^ We thus 


finally have n= P.. 




This formula is applicable only to those fibres which have a nearly circular cross section, a rod- 
like appearance and comparatively few convolutions, and only such fibres were selected for the 
purpose of this calculation. The final results obtained for Verum 262 and 1027 A, L. F. are given 
below in Table V : 

Table V 

Rigidity modulus of the material of the fibre ^ {base and apex) 


Region of the seed 

p_ - 

3 

xl0*-cm 

T® 

xlO-2 dynes cm^ 

^ Base . *; > ... > . 

10-4 

0*1452 

Apex 

10*6 

0-1487 

Base 

9-1 

0-1832 

Apex 

10-8 

0-1966 





16 p 

10^ dyaes 
cm^ 
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YARIATIOHS .IN,,WE FBOFRETIJilB' OF 'THE GO'ITOUf. FIBER 

: , It is seen that the i%idity . modulus Ibi^ the is very neady et|ua! for the basal, and 

the apical fibres of the same cotton although it varies considerably from one cotton to jiuothej% Tlio 
finer variety, '1027, A. L. F., has a lower value than the 'coarser variety, Verum 262, ii/S value Ixuiig 
nearly one-third of that for the. former. Peirce [1923], found that the average value of the rigidity 
modulus for two cottons (Sea Island ^tfd an Indian cotton) was 0*23 x 10"' dynes/em-. This is nearly 
double of that found for Smat 1027 A. L. F. in the present tests but less than that obtained for Verum 
262. These results show that the nature of the material deposited in fibres growing oiuliffiu’c^nr 
regions of a seed is the same though it may differ somewhat from cotton to cotton. Thus, if a lugfi 
fibre-weight is observed for the apical fibres,' it is due to the presence of a larger cjiiaiitity of 
material itself rather than to the deposition of a material of a higher density. 

(h) Fibres from aU regions of the seed. 

The tests on fibres taken from all regions of the seed were confined only to Nandya! ,14. Tie’, 
mean values of rigidity obtained for the base, apex, right flank, left flank of the soerl ami tlu^. <*oiol>ed 
luiirs together with the absolute and percentage differences (calculated on the basis of the lower 
values) are given in Table YL 

TABmxVI 

FU}re rigiditg, 10-^ dynes enf mean value differences : fibres froni' all regions of the seed, Naudyal FL 


Kegion 

^ " 

Mean 

■ 2 ' , 

Difference 

between 

3 

Mean value 
differences 

4 

Pei'centage 

■5 

, Significant; or 
non-sigoifiooisi; 

6 

Base (B) . 




3*11 

R—L 

— O’Ol 

0'3 

Not significant* 

Apex (A) . . . . 




4-42 i 

B — Flanks 

— 0'20 

6*4 

i)o. 

Right Flank (R) . . 



. 

3-31 

B— 0 

1-20 

62«8 

Significant 

Left Plank (L) . . . 




3*32 

A — Flanks 

Ml 

33*5 

Do. ■ 

Combed hairs (0) 




1-91 

A—O 

j 2-51 

131-4 

Do. 


■ Several interesting points emerge from a study of Table VI. It is seen in the first place that 
fibre-rigidity varies considerably over the surface of the seed, the highest value for the apex being 
nearly two and a half times as much as for the combed hairs. The variation, however, is not regulai^ 
the values for the right and the left flank being very neaily equal. Consequently, tlie value for 
either of the flanks may be taken for comparison with the other regions of the seed. Iroin column 
2 we next notice that the apical fibres are the most rigid, those from the flanks fuke tiie secorul place 
while those from 'the base are a close third. The combed hairs possess the lowest rigiiity. 

The frequency distributions and the statistical constants aj'c given in Table>s VII ami Vlii 
respectively, ■ . - ' 

■ ■ Table VII .■ 


Frequency distribution of fibre rigidity {dynes cni^ lOF^). - fibres from all regions of the seed, Nandyal I4 


Group 

Base 

Apex 

Right fiank 

Left flank 

Combed hairs 

0 . . , 

18 

6 

... 

5 

38 

1 . . . 

28 

11 

22 

13 

47 

2 . 

25 

19 

34 

38 

20 

.3 . . 

21 

29 

37 

36 

23 

•4 , 

19 

26 

16 

23 

10 


10 

20 

11 

21 

4 

fid. 

m 

- 12 

12 

8 ' 


7 . , . . 

5 

2 

12 

7- ‘ " 

■ 4 ! 

6 

. 2 

3 

3 

9 . . . . 

1 

4- 

". 3 ■ ' i 

1 


10 . , : 

1 

5 

1 ■ .. 



11 etc. ' . 

2 

3 




Total 

' . 148 

154. 

153 

'150 . ^ ■■ 

150 

Mean . ' . 

1' 3*11 

442 

3*31 

3*32 

i-9l 


B 
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''jwnaf cnnmntg for the ' frequency distributions Oj 
regwnsofiheseed,Nandyal 


(Jonibeci iia ir 


CA , 
Skcwno«.c! 


ane notation as used in Table II, 


Table IX 


Mean fibre rigidity, Namlyal 14. 


Region 


Mean rigidity 
10-2 dynes cm^ 


Base 

Apex 

Bight dank 
Left flank , 
Combed hairs 


Straight mean . 

Weighted mean (by weight) * [ 

Weighted mean (by number) ! ! 

Technological Beports (bulk mean) 

The distributions for the right flank 
for the base and the r - ’ ’ 

values given in Table VII and the relevant 
unable to apply the standard 
resort to the quartile test. 

may only be stated that 

betvreen the base and the flanks 
are significant. 

The percentage distribution bv 
fibre weight pertaining to each 
From a knowledge of these twc 
numbers of fibres on different re^ 
the weighted mean, both accorc 
values from the apex, base, etc. „ 
for the bulk sample taken from the 


, anil the combed hairs resemble closely those 

‘ Pf5_in as much as they all deviate from normality, as shown by tlie trend of 
- constants in Table VIII. Consequently, we are again 

error test for judging the significance of differences and will as before* 
It is not necessary to give the details of the application of this test. It 
on applying this test it is found that the differences between the flanks and 
J are not significant, while those between other regions of the 'seed 

weight of fibres on different regions of the seed and tlc^ unit 
region are given in another publication [Koshal and Ahmad. 1932^ 
)_quantities we can readily calculate the percenta,£ro distribution hu 
pns of the Seed. We can then proceed a step further ami calculate 

’■eight and distribution by number, of the 
with the straight ’ mean and the value 
on Standard. Indian Cottons [Ahmad, 1931] 


Percentage of fi bres in each region | 

By weight 

By number 


.30-0 

16-0 

■ 17*3', 

230 

' 20*7 ■ ■ 

■ 24-0 

■ : ■22-7 

■ ■ 7-0 

0-3 


Base 

Apex 

— 

Right flaaik 

Left flank 

31i 

4-42 

3-31 

3*32 

1*19 

2-64 

1*79 

' 2-06. 

' 4-55 ■ 

5-93 

4-41 : 

' 4-44 * 

1*92 

1*79 

•' ' 1-52 ■ 

1-25 

1-44 

1*50 

1-10 . 

: . . M2 

1-68 

1-64 

i-31 

M9 

1*64 

1-72 

1-43 

M5. . 

2-44 . ■ 

. . 2-55 ., 

, 2-12 . 

1-71 

78*3 

■ 57*6 

04-1 

■ 51*7 

0-154 

0'0(>4 

0-134 

O-03‘9 

0^513 

■ 0-528 ’ ■ 

0-595 

0-418 ^ 



VARIATrONS m THE OP THE-OOrTON FIBRE 


are given in Table iX.; ; it will be seen that the two weighted means are very nearly equal 'to the 
' straight V iiiean; showing that the effect of regional differences in rigidity is balanced fo a large 
extent by the relative proportions of fibres on the surface of the seed. Again, the weighted means 
are only slightly higher than the mean for the bulk sample in spite of the large difference between 
the rigidities of the apical and the conibed hairs. This is no doubt due to the relatively small nunibtn’ 
of the latter as compared with, the remaining fibres on the seed, as also to the balancing eilect of the 
liigh rigidity of tlie apical fibres with the low rigidity of the combed fibres. 


straight FlEAH 

WElGHTEO (^8Y 

weiGHten meam (by 


GROUP 


PYWES cm2- 


Fig, 2 A. Frequently distribution of rigidity values for fibres of Nandyal 14 . 

The curves showing the fre{|uency distributions of rigidity values for fibres from all legiorr 
the seed of Nandyal 14 are given in Figs. 2A and 2B. 
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Fro. 2B. Frequency distribution of rigidity values for fibres of Nandyal 14. 

It will be seen that these are of two distinct types, those for the basal and the combed hairs 
Bhdw definite J-shape tendency, while those, for the other ri^gions are model curves, which have 
deviated from the normal and are skew. The latter resemble tlie curves for fibre strength. The 
coefficient of asymmetry for these distributions given in Table VIIT confirms this statement. 
This statistic is relatively small for the idanks and the apex as compared with that for the base. 

In order to study the effect of the two types of distribution on the bulk sample, curves combining 
the values for all the five portions (both on the basis of the arithmetic and the weighted means) 
were drawn and superposed on the individual curves. The three curves utilising the mean values follow 
a similar course and lie fairly close to the curve for the basal fibres, which has a mild tendency towards 
J-shape. It is interesting to note that these curves are very similar in type to that indicated bv 
Khosal and Turner [1930] for Nandyal 14, when a small number of fibres was tested. In fact, their 
classification of the eight cottons under test according to the shape of the frequency distribution 
polygon for fibre rigidity is similar to tljieylassification given previously in this paper. This devia- 
tion from a definite J-shape, as obtained by Khosal and Turner for 1027 A. L. F., to a mere mild 
tendency towards J-shape, is very probably due to the preponderating influence of the skew dis- 
tributions for the fibres from the flanks and the apex. The study of the results for Nandyal 14 shows 
tLat the rigidity curve obtained for a bulk sample is not a simple curve, but a combination of J and 
skew distributions superposed upon one another and arising from a mixture of the fibres from all 
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VASIATIOWS IN TaE PBOPEBTiaS OE fHE dOTTOIf PIBEB .M 

Ihe influence of the basal and the combed hairs is felt strongly in the ciii ve for 
hich accordingly acquires a mild J-shape tendency. tSuch a variety in types f)f 
ent constituents of the population, as in most cases the composite population 
»e of its own, herein studied is peculiar to fibre rigidity. From this point of view 
io study other cottons which show strong differences in the types of turves for the 


(c) Probable effect of a J -distribution m Spinning. 

A J-distribution indicates the presence of a large percentage of fibres of low rigidity. Sucl> 
fibres on account of their pliability and suppleness can be twisted with ease without straining the 
fibre. But these like the combed fibres are generally weak and immature lacking structural solidaritv 
and promote nep formation. Fibres should therefore possess sufficient rigiditv'to prevent clusterini^ 
but not to resist twisting. 

Turner and Venkataraman [1933] have found, a correlation of 0-58 between fibre strength and 
fibre rigidity._ While fibre strength would contribute directly towards yarn strength, the sarne fibres 
being too rigid resist a spin thus affecting its spinning capacity. The low correlation between fibre 
strength and yarn strength as well as the negative correlation— 0'33 [Turner and Venkataraman. 
1933] between fibre strength and spinning value may be partly due to the opposing influences of the 
two positively related properties, fibre rigidity and fibre strength, on the spinning quality. Cottons 
with moderate values of rigidity and strength may prove better than those with extreme value.s.. 

EiBBON WIDTH 

(a) Base and apex. 

The frequencv distribution of ribbon width for the basal and the apical fibres for the eight cottons 
tested are given in Table X. It will be noticed that the individual values are di.stributed over a 
fairly wide range in all cases. 

Table X 

Ribbon width— frequencg distribution 

— Nandyal P.A. 4P C.A.9 C.A.9 Gadag I GadagI Veram262 SiiratlOS? 

1928-29 1929-30 1928-20 1927-28 (Fagpur) A.L. F. 

Group 10 ~* rms. Base Apex Base Apex Base Apex Base Apex Base Apex Base "a^bx ~ia^ "Ip^T ~BHs7^j*A^ir 
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Table X—confd. 

Ribbon iddlh— frequency distribution — contrl. 



,, Nandyal 

14 

r. A 

Base 

4F 

C. A 
102>' 

. 0 

^-29 

0. A 
1020 

.0 

.30 

Gadatj I 
1S>2S":;0 

G'adi 

102' 

K r 
“-28 

Ape-v 

Venim 262 
(Nagpur) 

S. 1027 
A.L.F. 

Group 10-* <* 1118 . 

Base 

Apex 

Apex 

Base 

Apex 

Base 

Apex 

Base 

Ap X 

Bas.* 


Apex 

Base 

Apex 

'"24 


I 

6 

6 

s> 





■ 





0 

5 

, 25 ■ 1 


' 2 

5 

2 


'■ i 









0 

4 

■ :;!(» 



[' 2 

1 


1 









1' 

1 

27 . , 



i 

t . 








1 





1 

28. 






! 










. 1 

■fdai ■ ■■■ .. i 

, . , I 

355 

155- 

1 156 

150 

150 ! 

150 j 

150 

1 155 

155 1 

160 

155 1 

150 

15S 

355 

•355 ^ 

' 152' 



Ribbon width 10-* efn.-—Mean values and frequency constants— base and apex 


Mean 


Skew' 

netJK 


:Namlyal 14 


Gadag 1 (U)-27*2S) 


Vemm 262 (Nagpur) . B 16-1 


B=Base. A —Apex 

Same notation as used in Table JI. 

The mean values and the statistical constants caiculated for these distributions are given in 
Eible XI. Considering the mean values given in Column 2 of Table XI, it is found that with the 
:ception of C. A. 9 (1928-29) and Verum 262^ the mean ribbon width of the apical fibres is higher 
(an that of the basal fibres. 



GADA<3I. 

(/927-2S) 


h VERg«262 

I I (NAafUR) 

; » 052***’) 


RA-AF' 

.( 029 - 30 ) 


13 IS 23 28 

NAN0YAI- 
, - <4 

.. (/929-30) 


SUWAT t027A.L.F 


gadagi 

0929-M) 


^ /4 /9 24 ! 

Ribbon wiotm 10 c.m. 


F 10 . 3. frequency Polygons, 
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, _T]ie uecessaiy .data are calculated and given in Table XII. 

, ■ ' . Table XII 


Ribbon width 10~^ cm. : iiignijicaMce of differences — base and apex 



No. 


Oil ton 


Base 

B 


Apex , 
A 


A-B 


Hr marks 


Naiidval 14 
p; A/4F. ■ 


V. A. 9 (191^8-29) 
C. A. 9 (1929-30) 


Gadag 1 (1928-29) 
Gadag I (1927-28) 
Veruni 262 . 


16-26 

20*15- 


15*77 

14*80 


,13*82 

13*64 

1617 


■17*94 


18*29 

20*56 


15*20 

15*15 


15*39 

15*23 

15*79 


19-55 


2*03 

0*41 


-4>57 

0*35 


1-57 

1*59 

-0-38 


i-61 


308 

304 


20S 

303 


313 

303 

306 


305 


8-31 

1-49 


2-58 

i-51 


7-22 

•7*73 

1*50 


5*42 


C0*01 

0-1 

to 

0*2 

CO-01 

0*1 

to 

0*2 

::o*oi 

co-oi 

0*1 

to 

0*2 

:o*oi 


8igiiiHcaut 
Not signi til-ant 


Higni Meant 
Not siguiMeantf 


>Signi Mirant 
Sign ill cant 
Not sigiiiHca nt 


Signiiicant 


The remarks in the last column agree with the earlier conclusion that the cottons can be classified 
into two groups (1) Nandyal 14, Gadag I anil 1027 A. L. .F., for which the differences are significant 
and'^the apical fibres are broader and (2) Veriim 262, and P. A. 4F for which the regional difference is 
ndgri^l.^g./ C. A. 9 howeve^ is an exception for the difference between the apical and basal fibres 
.is 'not ioply ’’significant but, unlike other cottons, the apical fibres in the season 1.928-29 have also a 
snialler width. But the sample for the season 1929-30 reveals no significant regional difference. 

' These conclusions are also supported by the frequency polygons given in Fig, 3 wherein thf 3 
(.nirves for the two. regions nearly overlap in the case of P. A. 4F, C. A. 9 and V^rum 262, while in 
the case of Nandyal 14, Gadag I and 1027 A. L. F. the curves for basal fibres shifted to the right 
would give approximately the curve fpr the apical fibres. 

^ It IS therefore concluded that while the ribbon width of the apical and the basal fibres is nearly 
the same for the cottons P. A. 4F, C.. A. 9 and Verurn 262, the fibres of the apical region have a larger 
ribbon .width for tlV’oottops.,^andyal 14, Gadag I and 1027 A. L. F. 

' The (^,.php fiequenc;^ polygons may now be considered. From the curves drawn in Fig. 3 
and fron[iJt{h%statisi:ical consfetit^ ^iveh iii Table XI;* iC is concluded that these distributions in the 
two regions do not deviate Much from the normal for any of these cottons. 

■ , ■ ’“! Tabm XIII 

" Ribbmh width 10-^ cm. base and a-pex 



Goiton 

.. Ai-'-rTT-*- r I- 

. 

■ 

Base 

AjX"X 

'Tcciifiuiouical • 
KepuHfj (bnlk) 


't-l > ^ k 





Nandval 14 . 



16*26 

18-29 

1 6-52 

P. A. 4F. . 

• . ’ , .. . . 


20*15 

20-56 

}7-53 

C. A. 9 (1928-29) . 

• • pi’ ■■■'•<> 'i". 

.. .. 

• . .15-77 

- 15-20 1 

15*24 

C. A. 9 (1929-30) . 


' 1 

■ • 1 

14-80 

15-15 

16-26 

Gadag I (1928-29) 

^ , a , « , , , 


.13-82 

15-39 

I5-<H> 

Gadag I (1927-28) 

» ' • ■ » . . * 


13-64 

15-23 

15-75 

Verum 26S (Nagpur) 

‘ 1- » ■ a ■■ ■ . • ' 


16*17 

15-79 

15*75 

l^A. L. F, . .. 

« m ' » ». 


17-94 

19*55 

18*05 
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VARfATlOHS IN THE PBOHERTIES THE COTTOH FIBRE 


In Table XIII tlie mean ribbon widtli of the basal and apical fibres as well as the mean for the 
bulk sample taken from the. TecJmological Reports [Ahm.n.d, 1931] are given for comparison. It is 
noticed tlierefroiii that unlike the similarity between samples from the bulk and the different regions 
observed in regard to the frequency distribution, the mean for the bulk does not disclose any uniform 
relationship with either the basal or the apical fibres as was found in the case of fibre rigidity, 
probably due to the influence of the fibres from the flanks and the combed fibres which may have a 
different inean value as in the case of Nandyal 14 discussed later. 

Seasonal mriations. As in the case of rigidity only two cottons Gadag I and C. A. 9 were tested 
for two different seasons. From the Tables XI and XII it is seen that for 0. A. 9 tested for 1928-29 
and 1929-30 the difference in ribbon width between the two regions is small being-' 3*5 per cent and 
2*4 per cent only in the respective seasons, but positive though not significant in the latter and 
negative but significant in the former season. For Gadag I tested for 1928-29 and 1927-28, however 
the ribbon width of the apical fibres is greater than that of the basal fibres by 11*4 per cent and 11*7 
per cent respectively in the two seasons and both are significant. 

This indicates that while the effect of season of growth on the relative difference in ribbon width 
between the basal and apical fibres is generally in appreciable, some cottons may give a differential 
response to season of growth. 

(6) Fibres from all regions of the seed 

The tests again are confined to only one cotton, viz. Nandyal 14* The mean ribbon width of 
fibres from all the five regions as well as the difference between one region and another, calculated 
as a percentage of the lower value in each case, are given in Table XIV. 


Table XIV 

Ribbon width 10-^ cm. : Significance of regional differences {fibres from all regions of the seed surface) 

—Na/ndyall4 


Remarks 


Percentage 

difference 


Difference 


Difierence 

between 


Mean 


Region 


Significant 
Significant 
Significant 
Significant 
Significant 
Significant 
Significant 
Not signifioxnt 


Base (B) 

Apex (A) 

Right Hank (R) 
Left flank (L) 
Combed fibres (0) 
Arithmetic mean 
Weighted mean 
Tec'hnologieal R( 
Bulk mean 


304 0-86 <0’()1 Significanfc 
299 5'63 <0-01 Significant 


that the comhed hairs have the maximum ribbon width, the apical, the 
ind the basal fibres following in order. The maximum difference in ribbon 
le basal and the combed fibres is 17-6 per cent and the minimum of _M per 
Most of these differences are small and as such tests of significance 
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Table XV 


'requency distribution of ribbon width 10-^ cm 


Nandyal Id 


Gonibecl fi brf^sj 


Total No, ojfibtt. 


Table XVI 

ft requency constants for the frequency distributions of ribbon width 10-^ 
-the^seed surface NandyalM 


regions of 


Cansta-nts 


' Notation as, M-sed in Table IT); . 

he observed therefrom that as before, the t test can be applied to iudge tli 
(iiferences in ribbon width. The relevant data are calculated and e 
iW from which concluded that except between the right and left iianlvs the diffei 
ivery other region is significant. The fibres on the two flanks Jiavc practically tlie 


Right flank 

Left flank 

4 

1 

6 

1 

8 

7 

V2 

14 

29 

19 

21 

28 

15 

38 

17 ‘ 

14 

18 

11 

2 

2 

3 

■ 3 

0 

1 

1 

1 

1 

loo 

150 

j 17-44 

17-63 

__ 
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32.1 


r 

The coiiibcd. fibiGs liiXvo tlic iniixiniuni widtJi proboibly ctxiLSGii bv^ <i proijiiii urc (iGttu'litfHoni (Voip 
the seed coat End cons6€|iiGiit deliciGiicy in coll wall development wherehv' it is flattened whcii the 
fibres collapse on boll ripening. * i 

I The apical fibres come next in order. As will be shown later the apical fibres, though narrower 

than the combed fibres, have in all probability a greater wall thickness than the latter, which are 
perhaps immature. ^ Ribbon width would thus be an inadecjuate measure of fineness of a cotton as 
one with a larger width may be finer though weaker, being thin walled, than another witli less widtli 
but greater wall thickness. * 

The fibres from the flanks, very similar between themselves, have a smaller width than th‘e 
apical but larger than the basal fibres which, however, have the minimum width. • \ 

The mean value for the bulk sample as given in Technologit j iReports [Ahmad, 1931] as well 

as the straight and weighted means calculated from the average values^ for the different regions aj*e 
given in Table XIV. It is seen that the arithmatic mean and the weighted mean are nearly the 
same and slightly higher than the mean for the bulk which, however, corresponds to the mean ribboii 
width of the basal fibres. 


•I 




i 



t. 




THE INDIAN JOURNAL OE AGRIGURTURAL SCIENCE 


BASE 

APEX 

filGHT FLANK 
LEFT FLANK 
COMBED HAIRS 


GROUP 


JTg. 4B. Ribbon width : Frequency distribution curves ; fibres from all regions of the soimI, Nandv 

The curves showing the frequency distribution of ribbon width for fibres frojii a 
seed are drawn in Figs. 4A and B. All the curves are similar and more or less no; 
The curve for the basal fibres lies more towards the left while that for the combed fil 
while curves for the apex and the flanks lie in between. 

^ Superposed on these is the curve drawn by combining the values for all the five 
basis of both the arithmatic and the weighted means, to give the bulk samy)le pat 
curves creep beside each other and both are nearly normal shaped. A studv of t 
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Convolutions ' ’ 

{a) Base and apex 

The frequency distribution of the number of convolutions per mm, for the basal and the apical 
fibres are given in Table XVII for the eight cottons tested, 

TablbXVH ^ 


Frequency distribution of convolutions per mm. : Bam and apex 


Group j 

■,Naiidyal.l4' 

‘ ■ P. A. 4F. 

a A. 9 
(1928-29) 

C. A. 9 
(1929-30) 

GadagI 

(1028-20) 

Gadag 1 
(1927-28) 

V'erum 202 
(Nfigpur) 

1027 

A. L. P. 


, B ; 

':A 

B 

.-■A 

B 

A 

B 

A 

B 

A 

B 

A 

B 

A 

B 

' A 

0 

■ 2 

18 

. . . O' ' 

0 i 

0 

0 

0 

0 

0 

0 

0 

0 

2 

4 ' 

0 

1 

1 

11 

44 

12 

. 0 

1 

■2 

• -2 

0 

0 

• 0 

0 

4 

2 

24 : 

3 

18 

2 

■ '24 

49 

17 ^ 

'4 i 

9 

11 

10 

29 

0 

6 ' 

0 

10 

17 

38 

29 

72 

3 

^ ■ 40 

33 

37 

'"■,"33 i 

- ^ 21 

27 

14.: 

30 

15 

27 

14 

32 

' 28 

31 

71 

49 

4 

44 

9 

' 37 'i 

38 

" 25 

41 

, 28 

35 

23 

48 

15 

38 

59 

37 

1 40 

11 

■ ' ■ 5 

22 

1 

34 

50 

' 25 ■ 

38 

30 

29 

30 1 

42 

39 

38 

28 

14 

10 

1 

6 

■0 

' 1 ; 

13 

10 

20 

25- 

28 

11 

42 

24 

38 

14 

9 

■ ■ 7, 

2 

0 

7 



■5 

8 

19 

'4 

23 

'■■ 4. 

23. 

11 

29 

5 

. 0 

1 0 



8 




1 

20 

■ 2 

10 

2 

0 

2 

9 

: 3 

_ 2 

0 



9 







^ - 

f 4 

0 

4 

0 

4 

0 





10 







1 

0 



1 

0 





Toial . 

ir>5 

: 15/) 

150 

150 

150 

150 

ylOO: 

155' 

155 

100 

155 

150 

353 

155 

155 

i 

152 


B=Base ; A=Apex 


The statistical constants for these distrihutiona are calculated and given in Table XVTTT, 

■ ^ ■ ■ ' ■■ ' . . 

Table XVIII 

Frequency constants for the frequency distribution of the number of convolutions per mm. : Base and apex | 
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Table XVIII 

Freqiieney emstmts for the frequemy distribution of the number of convolution per mm,. : Base and apex 


Cotton 


Skew 

ness, 


Gadag I (1958*20) 


Verum 262 (Xagpur) 


B~Base; Asi- Apex 

The notation is the same as used in Table TI 

From column 3 of Table XVITI, in which the percentage mean differences in convolutions per 
mm. between the two regions calculated in terms of the basal fibres are given, it is observed that 
except in the case of P. A. 4F. the basal fibres have a greater number of convolutions per mm. than 
the apical, the difference ranging from 14*1 per cent for Gadag 1(1928-29) to 43-3 percent for Nandyal 
14, For P. A. 4F., however, the apical fibres have 16*6 per cent more number of convolutions per 
mm. The difference in seven cases ranges between 14*1 per cent and 28*3 per cent and it is 43*3 per 
cent only for the one remaining cotton, Nandyal 14. Since the coefficient of variation is fairly liigh 
ranging from 28*Q per cent to 58*1 per cent and greater than the percentage differences in mean values, 
the significance of the differences must, as before, be ascertained by statistical tests. 

Since an inspection of the frequency polygons drawn in Fig. 5 and the statistical constants 
given in Table XVIII show that the distributions are approximately normal, Fisher’s method of 
variance (Z test) will be appliedv - 

The relevant data; are calculated and the results given in Table XIX. 


Table_XIX 


Cmimlutimis fer mm* r SignifieaHee of differences : Base and apex {Method, of mr 


Cotton 


Remarks 


2 ■ 

3 



A-B 


Mean 

— — . . 


M 

B 



XlOO 

B 

5*38 

—14-1 

. A 

4-62 


B 

frSO 


. A 

4U6 

O 

B 

4-03 

—26*1 

A 

2-98 


n 

3’25 

^25*9 

A 

2-41 
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It is seen therefrom that the differences are. significant in all the cases even including that of 
P. A. 4F., which has given results contrary to others. 

It is therefore concluded that with the exception of P. A. 4P. the convolutions in the apical 
fibres are more widely spaced than in the basal fibres. For P. A. AF, however, the convolutions are 
more crowded in the apical fibres. For 0. A, 9 (1929-30), Gadag I (1927-28), Verum 262 and 1027 
A. L. F. the relative difference between the two regions is practically same, ranging between 25*6 
per cent and 28*3 per cent only.' . ' ' 

While the results of the number of convolutions per mm. were considered so far, those of the total 
number of convolutions 'may now be taken up. 

In Table XX the number of convolutions per fibre for the basal and the apical regions are gi ven 
along with the percentage differences between the regions in the case of each cotton. 


Table XX 


Conmhitiom per fibre : Mem values and percentage differences — base and apeo) 


Cotton 


Nandyal 14 


0. A. 9 {1928-29) 

C. A. 9 (1929-aO) 
Gadag I (1028-29) 
Gadag 1 (1927-28) 
Verum 262 (Nagpur) 
1027 A. L. F. 


It is seen therefrom that with the exception again of P. A. 4F the number of convolutions is 
always greater foi fibres from the base thaii; the apex, the difference ranging between 19*4 per cent 
and 37*0 per cent only in all cases except Nandyal 14 for which it is 49^2 per cent. In the case oi 
P. A. 4F, however, the apical fibres have 7-8- per-cent; greater number of convolutions. It appears, 
therefore, that in a good number of the cases considered the basal fibres have about 25 to 30 per cent 
greater number of convolutions than the apical fibres, though for Nandyal 14 the difference is nearly 
50 per cent ; P. A. 4F, however, the apical fibres are more convoluted. These results are generally 
in accordance with the conclusions of Winters and Chaney [1924] that ‘ Increased density of hair 
population on the c otton seed coat is definitely assocjiated with increased* number of convolutions 
per inch as the number of convolutions both per unit length, and per fibre, are generally greater 
for the basal fibres which are more densely distributed on the seed. Bu^their further conclusions 
' That increased le'rigth was founded’ be assoi^^ decrease in the number of convolutions per 

inch is not substantiated by these results as the apical fibres with a smaller mean length are less 
convoluted both per, fibre md per unit length.. The influence of these regional differences on the 
mean of a bulk sample can bs seen from/Table XXI, in which the means for both the apical and the 
basal fibres as w’-ell as the mean for the bulk taken from the Tedlmdlogical Reports [Ahmad, 1931], 
are given* ■■■ - «... ^ 


Base B ’ 

' ' Apex. A .. 

71 

36 

76 

82 . 

110 

■ 78 


!;■ " „■ 08 

. " 98 ■ 

79 • ' 

107 

74 

. 81 

. ; 52 

68 

49- 
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~ JiJMjE XXI 

Convolutions per cmi -: Comparative Values : Base, apex and Technological Reports 


Cotton " , ■ 

. Base : 

Apex 

Tcrhnologieal 
Reports (bulk) 

Nandyal 14 






■ W 

■ , 19 

27 

P. A.4F. 


■ ' , ” 




39 ■ 

•45 

42 

Os A. 9 (1928-29) 


* « ^ . 




m 

44 

50 

C. A. 9 (1929-30) 



. 



53 

38 

43 

Gadag I -(1^28-29) 






54 

46 

48 

Gadag I (1927-28) . 


. ■ . 




;56 , '■ 

• 42 

, „ :4o ■ 

Verum 262 (Nagpur) . 


» • » 

. . 



4§ ■ 

■ 30 

28 ■ 

1027 A. L. F. . 


» * 

• 

• 


32 

^ 24 

25 



Cotton 


Nandj'al 14 . 

!>. A. 4i\ . 

C. A. 5 (l028-2‘)) . 
C. A.- 9 (1929-30) . 
Oadag 1 (1028-29) 
Gadag 'I (1927-28) 
Veruai 262 (Nagpur) 
1927A>-L.E. 


*11 is taketi from the iHveaUgations hy 'Koshal and Afaitnnd [1932] Table VI and converted into metric units 
from Table II ooL 4 of this paper. 

It is seen tterefrolm ttAt for fiVe cottons tte value of tlie product is: much higher for fi 
Ihe apN than the hasfe. For'Cl. A. :& of liptt'the seasi^s, the difference is negligible. Oj 
ease df Nandyal 14, the bdsad fibres ShdW a higher value. 




MBi 
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It can therefore be concluded that the apical fibres generally have a greater degree of thickeoing 
of the cell wall than the basal fibres. 

Seasonal variations. As in other cases the results of only two cottons 0. A. 9 and Gadag I arc 
available for two different seasons. From Tables XVIII and XIX it is found that season of grow'tti 
has no appreciable effect on the number of convolutions per mm. in a given region of the seed for 
either cotton, except for the apical fibres of C. A. 9 for which the sample for 1928-29 has a greater 
number than for 1929-30. While the basal fibres in any one season have a greater number of con- 
volutions per mm., the relative percentage difference between the regions slightly varies with season, 
being lower for the 1928-29 sample and higher for the sample of the other season for both cottons. 

It may, however, be noted from Table XX that except for the basal fibres of C. A. 9 the mean 
number of convolutions per fibre as well as their relative difference between the regiom. varies with 
season of growth. 


6ADA6 I 
(l9Z7-tB) 


SURAT 1017 

09^^1-29) Jso 


VEBUM 261(NAORUR) C 


NANDYAL 14 
(1919-30) 


GADA43 I 
(1928-2:9) 


Fig. 5. Frequency Polygons : Convolutions per m”". — -> 

^ons for the distributions given in Table XVII are drawn in Fig. 5. It is 
e curve is nearly the same for all cottons for the two regions and is nearly 
like Xandyal 14, Gadag I and 1027 A. L. F. a lateral shift of the curves for 
ive direction along the X-axis will nearly fit the curves for the basal fibres, 
f distribution is typical irrespective of the variety of cotton or the region of 
lonstants given in Table XVIII, viz. e^, e^, Q, E (S. 0.), Ca and skewness 
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Table XXIII 


tVoii. xvii, pArt 6, ’ 


irerpmicy (hstribution oj the mmber of convolutions per mm.— base, afex^, right flank, left flank mid 

combed fibres, Nandyal M 



Combed hairs 


As before, the fibres from different regions are tested for only one cotton, viz. Nandyal 14. 

The frequency distribution of the number of convolutions per mm. for fibres from the different 
^ surface, base, apex, right and left flanks, and the combed fibres are given in 

e XXIII. The mean values and the statistical constants for these distributions are siven in 

c WT'vr ^ o 


Table XXIV 


requeney mistants for the frequency distrihutim of cmvohitions 

Nwidyal 14 


■per mm. : Fibres from, all regions 


Combed hairs 


Skewness . 
Convolutions per fibre 


Same Notation as in Table TI 


^ Considering the mean values it is seen th^t the number of convoJutions per mm. differs from 
gion to region, the basal fibres having the maximujn number of 3' 40 per mm., and the apical fibres 
e nunimum of 1-93 per mm. The fibres from both the flanks have almost the same number of 
nvolutions per viz. 2-00 aud 1>99, differing little from the apical fibres. The combed hairs 
.ve an mtermed^te value of 2-68 per mm.. The fibres may thus be divided into three' groups- 
,sal, C(mbed and rest— in descending order of average number of convolutions per inm. 

' x-L 1 mean values, percentage differences between any two regions calculated on the 
.SIS of the lower value, and the significance of these differences ^obtained by appiying the method of 
rmce (Z test), are given in Table XXV. j ifis j b 
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0-68 
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Table XXV 


Convolutions per mni. ; Significmice of Differetms : All regims of the seed: Nardyal 14- melhod 

of variance 


PifFer^nee 
. between 


Percentage 

difference 


Difference 


Region 


Signifi calico 


Base (B), ■ . 

Apex (A) . 

Right flank (R) 
Left flank (L) 
Combed hairs (C) 


Significant 

Significant 

Significant 

Significant 

Not significant 

Not significant 

Significant 

Not significant 

Significant 

Significant 


It is found therefrom that except for fibres between the two flanks, and between the apex and 
the flanks the other regional differences are significant. It is therefore concluded that the basal 
fibres come first with a maximum number of convolutions per mm. the combed fibres next with a 
smaller number, while the fibres from the apex and the two flanks come last and have practically 
the same number of convolutions per mm. 

Convolutions per fibre : A ll regions of the seed. In Table XXIV the mean number of convolutions 
per fibre have been, given for each of the five regions. Here again it is seen that the basal fibres with 
71 twists are most convoluted and the apical fibres the least with 36 twists. The combed fibres 
again occupy an intermediate position. As regards the fibres from the two flanks while they have 
practically the same value, it is however less than for the combed fibres but more than that for the 
apex, unlike the number of twists per unit length. This is to be expected as the fibres from the 
flanks have a greater mean length than the apical fibres, while the number of convolutions per mm, 
is the same for both the regions. ^ ^ ^ ^ ^ . . 1'. 

This variation in the total number of convolutions without a variation in their linear arrange' 
ment for nearly 50 per cent of the fibres, appears to support the view of Clegg and Harland [} 9^:4] 
that ‘ the form of the curve (of distribution of convolutions) is predetermined by environmental 
conditions prevailing during the period of growth in length of the hair 


Table XXVI 


Number of Convolutions 2 wr mm. and per fibre : All regims of the seed ; Nandyal 14 


Percentage of fibres in 
each region 


Convolu- 
tions 
per ium. 


Convck. 

tier s 
per fikrc 


Region 


by weight by number 


Base 

Apex 

Right flank 
Left flank 
Combed fibres 
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III Table .XXVI tbe average number of convolutions per m,m.; ' and per fibre are given for the 
different regions along with the percentage of fibres in the respective regions, both by weight and 
by number. From this; the straight mean, ■ and the weighted mean -both by weight, - and' by 
number, are calculated and given below. For comparison the mean value for the bulk sample taken 
from the [Ahmad, 1931] is 



Technological 


Weighted 

„ Weighted 


Reports 

Bulk mean 

Straight Mean 

mean hj 
number 

mean by 
weight 

Convolutions |>er mm, . 

2*70 

2*40 

2-45 

2-47 

Convolutions per fibre . 

62*5 

49*6 

51*9 

, ^ 51-9 , 


It is seen from these figures that the mean value given in Technological Reports is higher than 
the other means in both cases. The differences among the three calculated means, are however 
inappreciable, except for the convolutions per fi?bre for which the straight mean is slightly smaller 
than the weighted mean. 

The number of convolutions per mm. as given in Technological Reports, viz. 2*70 lies approximate!}' 
midw’-ay between the means for the apical and the basal fibres, 1*93 and 3*40 respectively, and agrees 
with the mean for the combed fibres, 2*68. The average numlier of convolutions per fibre 62*5 given 
in Technological Reports is between the mean for the basal and the combed fibres and higher than for 
the other three regions. 

frequency polygons for tJie distribution of convolutions : AU regions of the seed. The frequency 
polygons for the distribution of convolutions per mm. given in Table XXII are drawn in Fig, 6. 


straight MEAN 

• WCIQMTEO MEAN 
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Fig, 6B. Frequency polygons: Convolutions per mm,: All regions of the seed, JNandyal 14 

jons Lave nearly tLe same form and unlike tLose for 
Except for tlie base and the apex, the curves for otLer regions nearly 
’ ■ - ’ " 5 curve of convolutions 

learly normal. From the present results it is found that the distribution in each individual 
fibres from which ultimately constitute the bulk sample— is similarly normal. Thus when 

normal distribution are. mixed to yield the bulk the resulting dis- 

thelorm of distribution of convolutions among fibres from different regions 

..d ..Livl. J probably undeveloped fibres indicates that the view of 

mentioned earlier that the form of distribution is predetermined by environ- 
ment during the growth is true not only for the distribution in single fibres but a,lso among a group of 
fibres, even though the convolutions are actually nmnifested after the fibre desiccates and collapas. 

, Superposed on these curves, are given those obtained by combimng them on the basis ot (1) 
straight mean, and (2) weighted, mean (by weight), to thus represent the pattern of a bulk sample. 

^ese curves are almost identical and siiuilar to the others being approximately normal, 


It is observed therefrom that all the polyg< 
rigidity are nearly normal. - ^ 

overlap. Koshal and Turner [1930] have shown that the general shape of the 

is very nearly normal 

region— 

a number of samples each with a 
tribution has also been normal. 

This similarity in U... 

even including the combed fibres which are 
Clegg and Harland [1924] 
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Probable cames of regional differences in fibre properties 

Tills investigation, lias shown that as much variation in the properties o.f the fibres on any one 
region of the seed can be expected as there are in a bulk sample and that there are considerable 
differences in the average fibre properties from region to region of the seed. While these tests do not 
claim to elucidate fully the causes of such variations a few general remarks may be offered. 

(1) The nutritive system in the seed as envisaged by Balls [ 1915 ] is such that ^ the vascular 
tissue enters the seed by its stalk, runs along the side and then breaks up at the wide butt of the seed 
into short distributing branches b thus fostering a better growth at the base at the expense of the 
apical region. The space for deposit of nutrient matter in the matrix is larger at the base than at 
the funicle or its approaches. Even a shortage in the supply store will naturally affect the last 
portion to which the food is supplied, viz. the funicular end as has also been aliiided to by Balls [1915], 

(2) A likely result of the first cause is the belated commencement of growth of lint at the apex 
as compared with the base, as stated by Matthews [ 1924 ] and Bowman [ 1908 ]. In addition, if 
lint length development is arrested after about the 25th day of flowering, apical fibres would be 
shorter than the basal ones, assuming a uniform rate of lint extension. 

(3) The arrangement of the ovules in the ovary is such that they are crowded at the point of 
attachment, while large space is allowed at the farther end of the maturing ovules in the enclosing 
space provided by the base of the pistil or stigma. The adherence of the funicle to the placenta and 
the hard stalk of the stigma affects the growth of fibres at this' end by constant pressure against the 
cells of the palisade layer. 

The primary consequence of the above causes is the shortening of lint length at the apex as 
compared with the base. The changes in other properties are a result of this and the continuation 
of the growth processes after cessation of lint length development on or about the 25th day. 

The shorter lint at the apex admits the same nutrient matter (as the flow becomes more and 
more uniform) to be deposited in a shorter length in the apical fibres winch thus have a greater wall 
thickness as inferred earlier. The comparative scarcity of fibres in this part lessens the competition 
for food supply and aids thickening of the cell wall. 

This thicker wall naturally prevents the convolutions from showing up, due to enormous resistive 
forces, as stated by Balls [ 1915 ] and Bowman [ 1908 ]. The stout wall endows the fibre with a 
high rigidity, as shown by the examination of fibres with abnormally high rigidity by Peirce [ 1923 ]. 

.^The slight tendency for greater ribbon width among the apical fibres may be due to the thicte wall 
as stated by Balls [ 1928 ]. 

The second type of variation noted above, viz. differences in the properties of the fibres on any 
one region of the seed suggesting a common genetical basis are most probably due to the differential 
nutrition supplied to the elementory^ cells during their growth and decay on the outer epidermis of 
the seed and their consequent reaction to different enviromneiital conditions. In so far as the history 
of tlie fibres on any one part of the seed surface is concerned, the internal and external conditions of 
growtli would be nearly the same, only if there is simultaneity in the birth of lint cells. Balls [1915] 
and Barritt [ 1932 ] hold the view that the differentiation of epidermal cells into lint hairs is 
primarily a single day phenomenon, while Turner [ 1929 ], Gulati, [1930], and others are of the 
opinion that it is a phenomenon, spread over a number of days. The general variation observed in 
these tests appears to favour the latter-view. As a consequence of a time lag in the birth and growth 
of neighbouring fibres the reactions of the growing lint hairs to varying conditions of temperature, 
humidity, sunshine and nutrient supply would result in the endowment of different properties to 
the neighbouring fibres. 

These results also suggest a partial answer to a question raised by Turner [ 1929 ] about the rate 
of nutrient available to different regions of the seed during tlie lengthoiing and thickening stages of 
the fibres. The stunting of lint length has been made up by a thick wall in the apical fibres whicli 
suggests that the flow of nutrient, perhaps deficient in the. early stages in this region, has tended to 
become more uniform during the later stages, ^he ratio between the flow of nutrient in the leng1;h- 
ehing and the thickening stages seems smaller for the apical than for the basal fibres. 
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Summary AHD coHOiitrsiON 

While tlie differences iii tli€3 fibre properties from region to region on the surface of the cotton 
seed have been investigated as regards (1.) length, (2) weight, and (3) strength, bj Kosliat and Ahmad, 
the present tests deal with three more properties (1) rigidity, (2) ribbon width, and (3) convolutions. 

The materials are the same standard Indian cottons as were used in the previous investigation, 
viz. Nandyal 14, P. A. 4F., C. A. 9 (1928-29), C. A. 9 (1929-30), Gadag I (1928-29), Gadag I (1927-28), 
Vermn 262 (Nagpur), and 1027 A. L. F., the slivers having been conjointly prepared by us. For all 
the eight samples fibres from the base and the apex were tested. 

In the case of Nandyal 14 only, fibres, from the other regions, viz. right flank and left flank and 
the combed fibres were also tested. 

The experimental methods used are the same as those in vogue at the Technological Laboratory 
of the Indian Central Cotton Committee, -Bombay. 

From the analysis of the results of this investigation the following conclusions have been drawn : 

(1) The fibres on the apical region of the seed possess higher fibre rigidity than those on the 
basal region, the difference between the mean values for the two regions varying from cotton to 
cotton and ranging between 39-0 per cent for C. A. 9 (19-29-30) and 183*4 per cent for Gadag I (1927-28). 

The combed fibres have the lowest rigidity and the apical fibres the maximum, the difference 
between them being 131*4 per cent. ^ 

The frequency distribution of fibre rigidity is asymmetrical not only for the base and the apex 
but also for the other regions as well. But while it is skew for the apical fibres^ a J-shape tendency 
is observed for the basal fibres as also for a bulk sample. 

The rigidity modulus for the material of the fibre remains practically the same for the basal 
and the apical regions, though differing from cotton to cotton. 

(2) The fibres in the apical region have practically the same ribbon width as those in the basal 

region for P. A. 4P, G. A. 9 and Verum 262, while for Nandyal 14, Gadag randT027' A. L. F. the 
apical fibres are significantly broader, the difference ranging from 9*0 per cent to 12*6 per cent from 
cotton, to cotton. r 

The combed fibres have the maximum ribbon wddth with the apical, the right and the left flanks, 
and the basal fibres following in the given order. . The maximum difference, which is between the 
basal and the combed fibres, is 17*6 per cent and it is significant, while the minimum difference 
between the two flanks is 1*1 per cent and not significant, the differences between all the other regions, 
however, being significant. 

The frequency distribution of ribbon width is practically normal not only for the bulk but for 
each region also, unlike that of fibre rigidity for which the distributions in the different regions are 
dissimilar. 

(3) The difference in the number of coiivohitions per mm. between fibres from the apical and 
the basal regions varies from 14*1 per cent for Gadag I (1928-29) to 43*3 per cent for Nandyal 14, and 
is statistically significant in each case. With the exception of P. A. 4F., the convolutions in the 
apical fibres are more widely spaced than in the basal fibres. In P. A. 4F., however, the convolutions 
are more crowded in the apical fibres. Generally the basal fibres have 25-30 per cent greater number 
of convolutions per fibre. 

Judging from the ratio of ribbon width to convolutions as shown by Clegg, and the values of 
the product, length X 's/ hair rigidity as shown by Peirce, it is inferred that the apical fibres gen- 
erally have a greater wall thickness; 

The basal fibres have the higliest number of convolutions both per fibre and per unit lengui. 
While the number of convolutions per nini, or their linear density is lowest in tlie fibres from the flanks 
and the apex, the total number orconvolutions per fibre is lowest in the apical fibres, those from the 
flanks and the combed fibres coming next in order. 
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The forfii of distributioE of cojavohitions hardly differs either from cotton to cotton or from 
region to region on the seed surface, being normal for the bulk sample as well as for the fibres from 
the different regions of the .seed; 

These variations in the fibre properties, not only within a given region on the seed surface but 
also as between regions, are attributed to the time lag in the differentiation of neighbouring epidermai 
cells into lint hairs and the belated commencement of lint growth at the funicular end with a com- 
paratively simultaneous cessation of lint length development, these again being the result of a 
relatively copious supply of nutrient matter at the base of the seed, particularly in the initial stages. 
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The fibre rigidity is calculated from the usual formula for a torsion pendulum ri 


Qizll 


where 


Assuming that even though fibres differ in shape of cross section, the 


ti==:coefRcient of rigidity, I=nioment of inertia of suspended rod, l=leiigth of fibre, T=:periodic 
time and a=radius of the fibre, assuming the fibre to be a cylinder. Henqe re u‘^=A==^-area of cross 
8 IP 11 

section, n — . Assuming that even though fibres differ in shape of cross section, the 

8 IF 1 1 

sectional area is less likely to vary from fibre to fibre and so taking A nearly constant, n = — - 

is the coefficient calculated and taken to represent fibre rigidity. 

But as already noticed by Auerbusch [1923] a cotton fibre is ribbon-like and not cylindrical ; 
further it is not a uniform cylinder but a twisted ribbon and, therefore, the above formula would not 
strictly be applicable. 

Even as a comparative measure of the resistance offered by fibres to a torsional force, it is defec- 
tive in as much as the assumptions underlying the formula may not be equally valid in the case of all 
fibres. This may be illustrated by analysing the effect of convolutions on hair rigidity. 

If the convolutions are all in one direction then the initial torque applied through the inertia 
rod would further twist the fibre if the convolutions are in the same direction as the twist, or untwist 
the fibre if in the qpposite direction. The effect becomes more complicated if, as they usually are, 
the directions of the convolutions themselves are often reversed. The torsion couple would meet 
with resistance by these twists before the torque would reach the top support, ilnd this resistance 
would increase or decrease with the number of convolutions, decreasing or increasing respectively 
the periodic time. Apart from degree of wall thickness convolutions alone would thus influence tlie 
hair rigidity. 

This analysis finds justification in the observed eff'ect of humidity on hair rigidity, which can at 
least partly be explained by the change in the number of convolutions. A rise in humidity decreases 
convolutions [Denham, 1923] increasing the periodic time (of the torsion pendulum) thus decreasing 
the fibre rigidity, as found by Peirce [1924]. 

The twisting couple may not thus be able to exert its influence along the entire free length of 
the suspended fibre whereby taking the length as I would be inaccurate. If the convolutions are in 
different directions the inaccuracy increases. 





A close examination of the fibre convolutions and of the rotation of the fibre at different points 
along its length from the free to the fixed end, when the fibre is under torsional stress might yield 
useful information. 

The determination of fibre rigidity at different parts along the length of a fibre, instead of treat- 
ing a whole fibre as a unit, would perhaps be more in consonance with the spinning processes which 
do not necessarily twist the entire length of a fibre at the same instant. Testing such short lengths 
would also minimise the effect of convolution on the hair rigidity formula. 

Furthermore, even small variations in fibre diameter as it occurs in the fourth power in the 
formula would seriously affect hair rigidity. 

Another point that was noticed during the present tests was the kinked appearance of some of 
the fibres suspended by the inertia rod ; obviously the weight of the rod was insufficient to stretch 
the fibre taut. And the formula would not be strictly applicable to such a system which may be 
linkened unto a degenerated open spiral. 

The structure of the fibre as one made up of a number of concentric longitudinal tubes with 
intervening space, each tube having a fibrillar structure according to Balls [1928] makes the fibre non- 
homogeneous and the application of the formula would not be correct as any abnormality in the outer 
layers would seriously a feet the torsion as it is in these layers that the strain is greatest as pointed 
out by Poynting and Thomson [1913]. The relative number of growth rings and their inter ^ring 
distances might also affect rigidity. 

Two modifications of the formula may now be considered : Since in a bulk sample the majority 
of the fibres would be more ribbon shaped than cylindrical, disregarding the effect of convolutions, 
we may use De St. Venant’s [Poynting and Thomson,] formula for the torsional oscillations of a thin 
strip : 

_ #63 

If c is the couple required to produce a rate of twist 9 , then c == n(p\\ If b is small com- 

pared with a, c=n(f^a W {2a and 26 are the major and minor axes of the elliptical sections of 
the strip, n==:coefficient of rigidity). 

For the cotton fibres, 6 may be regarded as relatively constant as compared with a ; and a may be 
taken as half the mean measured width. Hence, c= I 6 = n 9 jja 6 ® 


If 6 = total twist 


And 6 being constant, 


When T is periodic time 


Putting n = n. 


Thus the value of hair rigidity obtained in these tests, divided by half the width of the 
be a better index of fibre rigidity. 
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NiUKlvai j4 
R.A/4F. ' . ■ . ■. 

O. A. 9(.1928.;>9) 
C, A. 9(1 9:29-30) 
Oadag 1 (1928-29) 
Oadng I (1927-28) 
Verutti 262 
1027 A. L.F. . 


The above Table gives the values ol n and caicuiacea i 
is seen that the modified measure of fibre rigidity does not sho^ 
the usual one. s 

A second modification may be considered. Sinee == r 

the usual significance) A X I gives the volume of the fibre a 
material of the fibre, gives the weight of the fibre, assuming a i 
from cotton to cotton, we have 

iflIL==7)/A^ 

if A« == weight of a fibre = <«> 


In practice; the fibre weight and fibre rigidity are determined on diiterent sets of fibres and the 
mean lengths of the fibres in each case are not generally identical. Hence if TFi = fibre weight 

per unit length then co == ooi t. Omitting the costant p, ri., = may be taken to represent the com- 
parative rigidity coefficient of the fibre for each cotton. In Table I of the Appendix, taking the 
values of tj from the present tests and Wj from the results of Koshal and Ahmad [1932], the calculated 
values of v ]2 arid' their regional differences are given. The range of these differences hardly exceeds 
40 per cent. The cottons can be grouped. into two classes (1) Verura 262 and 1027 A.L.F. for which, 
the regional differences are large and (2) the rest for which the differences are small. It is to be noted 
that unlike y; or.. 7 )i, the basal fibres give a higher value of vig in a few cases. For different seasons 
for a given cotton the relative regional difference is not appreciably altered. 
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EFFECT OF COMPOSITION ON MOISTURE, ABSORPTION . [»ROi‘IM 

OF JAGGERY ' 

By Sri (.!. (iAnapathi Iyeb, B. A., Agricultural College and Resean^li Tnstilat(>. t’ninii*. 

(Received for publication on 0 September 1916) 


WNE of the iniportant characters that ' enhance the market value of jaggery is its keopiiip 

c|iiality ; for the purpose of this paper, this has been considered as equivalent to the abilifr of tluj 
jaggery to resist absorption of moisture on exposure to humid air as the micro-organisms caiusing 
the actiiai deterioration can function only under favourable, moisture conditions. In ^outli Imlia, 
particularly in places of heavy rainfall like Malabar and districts on the west coa^t, greater 
is attached by the buyer to this character than even to its colour. The jaggery t radcr in e.vafuuling 
his material is usually guided by its appaisent hardness as this has generally a high correlation whh 
keeping quality. But a surer method would be to nieasure its hygroscopic ].>ower cm eN|)osur«' if? 
artifi.cial atmospheres of definite relative humidities during a. given period of time. 

For the purpose of laboratory studies, atmospheres of any required rehitivt*. Immidii.y l an ijti 
produced and maintained by keeping sulphuric acid of known density in closed desicc'Mitors flbJjb 
In all the experiments described in this paper, atmospheres of various relative Iiuiniditics Vvcre f 
by this method only. 

It is generally accepted that keeping quality of jaggery is intimateiv associated with its ehcmic'a! 
composition : there however appears to be a difference of opinion as regards tia^ natun.* of ilu* 
particular constituent or constituents that control this important character. Rao and Giunijirithy 
Iyer [1923] mainly from a comparison of the analytical results of a large numlKU' 
samples with reference to their moisture-absorbing capacities, came to the com'liision timt viMhic.’mi 
sugars and chlorides exercised a doniinating influence. Norris, Viswanath and Nair (1922) 
attrilmted the softening of cocoa nut jaggeries to the excessive amounts of calcium clduddc i/rcs^mt 
therein. Varahalu [1935] has however concluded that 'organic non-siigarvS play a iiiiieh more 
important role on the keeping quality of jaggery than any other of its ingredients. In view of the 
different concluv^ions arrived at by the previous workers and in view of the important na-ture. of the 
problem, it was thought worthwhile to reopen investigations on this question in, greater detaiL 


Experimental PROCEDURE 

Laboratory experiments were conducted on the following lines : 

(1) Glucose, levulose, gums, separated from canejaggery, and chlorides and sul[)liatcs of soduim, 
potassium and calcium wore added individually to different portions of pure wdiite sugar solotinn 
and these were converted into solid products by concentrating them over direct flame in tlu^ Ijiijora-tory 
under as uniform conditions as possible. These jaggeries were analyzed and their moistiirc-Hl^sorbmg 
capacities compared at definite relative humidities by keeping them in desiccators containing sul- 
phuric acid of appropriate density and noting the change in weight. 

(2) The reducing sugar content of sugar solution and cane juice was altered by changing the re- 
action .before coiutentration and the jaggeries obtained by concentrating them wore analyzed and 
their keeping (jualitics examined. 

(3) yugjircane and cocoanut jaggeries were extracted vdth ethyl alcohol or treated with other 
organic j-eagents and the treated materials were analyzed and compared for their keeping qualities. 

J)eteyrmnaiim of 31oi8ture Absorption bj/ Jaggery at a Particular Relative Hwndity 

The sample of jaggery was well ground in a porcelain mortar and 5 gimof the ground maf.orin! wore 
nrvUnrTidv snread in a shallow, flat-bottomed weighing bottle 6 cm. in diameter and 3), foo, 
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Samples ])eio]iging to a particular experiment were placed in open weighing bottles of the same size 
and were ail kept in a single desiccator containing dilute sulphuric acid of the reejuisite density at 
tlje laboratory temperature. The weighing bottles were closed with theii’ corresponding lids just 
before weighing and. the weights were noted daily for a period of about three weeks for ea(‘h experi- 
me 3 it. The position of the weighing bottles within the desiccator weiT clumged from day t() da,y so 
that each sample occupied various places in the desiccator before tlie conclusion of a. particula.r 
experiment. 

The original moisture in the samples taken for moisture-absorption studies was det ej*minetl 
by weighing out separate portions of the above at the same time, and drying thein to cotist.M nt w^c.igiu 
at the temperature of the steam oven after mixing them wdth well-cleaned sand. '|die dry m-d ter 
was then calculated. To the amount of moisture thus found, w-as added the mn'isture r.bsorbed 
at the conclusion of the experimental period and the total amount was exynessed as a pe.rcenijigf' 
of the dry matter in the sample. 

Each experiment described in the paper envisaged the study o? a juirticular questioii mid 
therefore consisted of a control in addition to the different treatments. As all the sa.in])les relating 
to a particular experiment w^ere placed wdthiri one and the same desiccator kept at the l;iboral(>ry 
temperature, the small variations in temperature met with in the lahoi'atory during the i oni'se of tlie 
day and from day to day maybe presumed, without much error, to aheet equally the moisture ahs..)rp- 
tion rates of the samples of the different treatments relating to the pa?‘iiriilar cxj)erinie!it. The, 
conclusions drawn will not therefore be vitiated by this ciumnivStance of temperature fiuctnarimvc 

For the same reason, changes in the percentages of relative, humidities at vvhif-h moisimre ahsoip- 
tions Avere determined for <iifferent experiments will not affect the natui'e of tlie (‘untdusions dui-wn 
for any pajticular experiment. 

Effect of dextrose wild levidose on the lieeping qualitg 

Increasing amounts of laboratory samples of dextrose and levulose wore added to ha.zaar sugar 
solution and these w'ere concentrated in the laboratory to corisistenry suitable for conversion into 
a solid product. The final products .so obtained were analyzed and their moisture-absorl)ing capa- 
cities were compared at 75 per cent relative humidity. 


Table I 


The effect of the addition of dextrose and levidose on the keeping q 


Perceiitagt* of 
reducing sugar 
on dry 
matter 


Particulars 


Bazaar sugar 75 gm. -f 300 c.c. of water boiled down to 
jaggery 

Bazaar sugar 75 gm. -j- 1-5 gin. each of dextrose and levuloae 
in 300 c.c. of water boiled to jaggery as in (1) 

Bazaar sugar 75 gm.-f3-0 gm. each of dextrose and lovulose 
in 300 c.c. of water treated as before 


The effect of varying the amounts of reducing sugar only in the jaggeiy on its loiepiiig quality 
was then studied (1) with white sugar solution by changing its reaction by the a,< Id it ion ofsinall amount 
of acid or alkali, and (2) with cane juice by boiling it down to jaggery before and afler the additij>n 
of lime. The results are given below. 


jjjsoifiMMB, iM7j 


■MOIdTUBE ABSOBmOHvPKOBEBTIES OF 1 aGGB1¥' 


Table 11 

Effect of different amounts of redMcwg sugars on the keeping quaUty, {starting Mdtk wMte sugar sohUion) 


Partieu]a.rs c.»,f treatuieijtt 

Purity CO- 

Reducing 

Percentage of nioisture on 
dry matter after a period of 

3 weeks 

(i) 

eUident 

(2) 

. sugar 

1 

(3) 

! - . ^ 

' 60 per cent 
relative 
Immidity 

(4) 

80 per cent 
relative 
liomidity 
(5) 

75 gin. of sugar + 300 e.r*. of water, boileci to Jaggery 
.consistency 

97-2 

0*50 

1*51 

',;2-36 .. 

75 gin. of sugar -f 300 c.c. of water -f 1 drop of strong 
iH‘f‘ti(* acid, boiled as above 

95*5 

2*30 

1*50 

, 4*86' 

75 gni. of sugar -f 300 e.c* of water -f 3 drops of strong 
a<'cti<* acid, boiled as usual 

S9‘6 

7*50 

3-22 

12-57 

75 gin. sugar -f- 300 e.c. of water 4- drops of 10 per 
cent .sodium bydroxide 

98-7 

Trace.s 

0*83 

1-4,1 . 


Table III 

of reducing sugar on the keeping quality {starting ivith cane juice) 


Particulars 

Percentage of reduc- 
ing sugar 

i 

Percentage- of moisture 
on dry matter ' during 
a period of 3 weeks 
under 80 per cent relative 
humidity 

Test. 1 



750 c.e. of juice, boiled down to jaggery . . . 

' ■ 14*08 

15-32 

750 c.c. of juice, limed to litmus neutrality before’ concentration 

8-10 

IMO 

750 c.c. of juice overlimed before eonmitration . ^ . . . 

Test. Il 

5-09 

9-83 

750 c.e. of juice, boiled down to jaggery . ... 

19*35 

19-25 

750 o.e. of juice limed to litmus neutrality before coneentration . , 

13*09 ' ^ 

14-82 

750 c.e. of juice overlimed before concentration 

10*86 

13-24 


The above data furnish strong evidence to the conclusiofi that one of the majorfactors that 
gMverji the keeping Cjiial ity is tfie reclaeing sugar content. 

Effect of satis 

A series of experiments on siinjlar lines to the above were carried out to determine the effect of 
various salts-- particuiarly thecihlorides and sulphates of sodium, potassium^ and calcium on the keep- 
ing quality of jaggery. 
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Table IV 

Effect of increasing arnmnis of sodium chhride 


l^iii ifTiiars of trcatineni 

Purity CO- 

Percentage of 
reducing 

Pcrcejitage . of moisture on , 
dry .matter diirin.g a period of 
' 3 .weeks 


efficient 

sugar 

75 per cent 
relative 
humidity 

100 per cent 
relative 
humidity 

1 bazaar augar 75 gm. -h 300 c,e. of water, boiled and 

984 

0-84 

1*27 

25*7 

solidified ' ■ . ^ - 

75 gm. sugar -f 0*37 gm. of sodium chloride + 300 e.c. 

97'6 

1*23 

. 4*50 

,■'■35*4 

of water, boiled a.s before 

75 gm. sugar + 0*75 gm, of sodium chloride + 300 e.c. 

97‘3 

1*38 

7*45 

, 41*7, 

of water boiled as before 

75 gm. sugar + 1*5 gm. of sodium chloride + 300 c.e. 

96-0 

1*45 

11*67 

, 48*9. 

of water, boiled as before 






Table V 

Effect of increming amourds of potassium chloride 


Particulars of treatmerife 

Purity CO" 

Percentage of 
reducing 

Percentage of moisture on 
dry matter during a ^>erlod 
of three weeks 


efficient 

■ . ■' . 

sugar 

.■■■^■■■' . 1 

60 per cent 
relative 
humidity 

■ 80 per cent 
relative 
humi'dity 

75 gm, of. sugar + 300 e.c. 'Of water, boiled and solidified ■ 

98-8 i 

U-59 

.. Nil 


75 gm. sugar + *37 gm. of potassium chloride + 300 c.e. 
of %vater, bulled as before 

98-8 

0*69 

■ i*25^:; 

4'v 5*35,. 

75 gm, sugar + *75 gm. of ])otassium chloride + 300 c.e. 
of water, buit-il a.s before 

98-6 

■ ..: ' *■ • ■' ■ 

. ; 1-34 : 

7*89 ■ 

7i7 gm. ssigaa* + i *5 gni. of potaB.«ium chloride + 300 e.c. 

. 97-7 

0*69 

Ml 

13*69 

of water, boiled as before 


. ■■■ . : 


- " ■-.. ' ■ 


Table VI 

Effect of increasing amounls of mlciurn chloride 


Partiviiiars ot* l.reatmeiit 


^ti) 75 gtu. sugar in 300 0 * 0 . of water, boiled 

and solidified 

(b) 75 stu, sugar uful *37 gin. of ealeium chloride dissol- 
ved in 300 can of water, boiled as before 
(e) 75 gm. sugar and -75 gm. of calcium chloride dissol- 
ved ill 300 e.c. of watei', boiled as before 
(d) 75 gm. sugar and 1*5 gm, of calcium chloride dissol- 
ved in 300 of water, boiled as before 


Purity co- 
efiiinent/ 


Piwceiitage oi’ 
reducing 
sugar 


Perceniage of moisture on 
dry matter 


60 per cent 
relative 
humidity 


80 |>t*r cent 
relative 
humidiU 


08*2 

0*42 

Nil j 

2*19 

96*5 

1*97 

0-89 

5‘3<1 

95*6 

1*94 

(1-80 

6*77 

94*4 

1*95 

2-71 

U-45 
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Table VII 


Effect of: sodium sulphate 



Purity co- 
efficient 

Percentage of 

Percentage of moisture on 
dry matter.. . . 

Particulars of treatment . 

reducing 

sugar 

60 per cent 
relative 
humidity 

80 per cent 
relative 
humidlt}^ ' 

(a) 75 gm. of sugar -f 300 c.e. water, boiled and solidified 

99-7 

0*55 

0-98 

2-12 

(b) 75 gm. of sugar + *37 gm. of sodium sulphate, boiled as 
before 

. 991 

0*37 

! 0*95 

! 

3'24 

(e) 75 gm. of sugar -|- *75 gnu of sodium siiipbate, boiled as 
before 


0*41 

■ 0-79- 

■ 4'77 ^ 

(d) 75 gm . of sugar -f' gm. of sodium sulphate, boiled as 

before 

# — — 

97*8 

" (>*47 

0*56 

y-ii 


I 


Table VIII 


Effect of potassium sulphate. 



Purity co- 
efficient ; 

Percentage of j 
reducing | 

sugar ! 

Percentage of moisture on 
dry matter 

Particulars of treatment 

60 per cent 
relative 
humidity 

80 per cent 
relative 
humidity 

(a) 75 gm . of sugar -p 300 o.c. of water, boiled and solidi- 
fied 

97*8 


Nil 

Nil . ■ 

0*32 

(b) 75 gm. of sugar -f 0*37 gm. of potassium sulphate 
dissol ved in 300 e.c. of water, boiled as before 

97*2 


M4 

(c) 75 gm. of sugar -f 0*75 gm. of potassium sulphate 
dissolved in 300 c.e. of w^ater, boiled as before 

97*3 

1 

Nil 

1 *20 

(d) 75 gm. of sugar + 1*5 gm. of potassium sulphate 
dissolved in 300 e.c. of water, boiled as before 

95-5 


Nil 

1*32 


1 . 



Table IX 

Effect of calcium, sulphate 


Particulars of treatment 


(a) goi. of sugar dissolved in 300 o.c. of water, boiled 
and solidified 

(b) 7o gin. of sugar dissolved in 300 e.c. of water, -j* 

gnu of ealdtim sulphate 

(o) 75 grn* of sugar dissolved in 300 c.e. of water, -f 0‘*3^^ 
of calcium sulphate boiled as before 
(d) 75 gnu of sugar -1-300 c.e. water + 1*5 gm., calcium 
sailphate, boiled as before 


Purity co- 
efficient 

Percentage of 
reducing 
sugar 

Percentage of moisture on 
dry matter 

60 per cent 
relative 
humidity 

80 per cent 
i*elative 
huraiditj^ . 

99-7 

1 0*47 

0*25 

1-12 

99*1 1 

0*57 

0*53 

1*61 

98-2 

0*72 

0*67 

2*27] 

97-5 

0*74 

0*87 

i 

2*11 
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Mj^ecis i{f tin' chlvritlvy. i,j sudhim, ]Kifmsmnt afdA:m'M 

TliP (*lilori(]t‘S of eac'h of the.se elements were' aiiileii in quantities sufficient to supply ,0-5 gni.. 
of chiorioe Ui ecoli t'ase. 

’Table X 

( D'/a parimri of the effects of chlorides, of soddum. potassiiirn and caJmum 




' Poreentage of 

Pereentage of 
dry i 

luoisture on 
natter 

<ii liie expemsieat 

Pui.ity ca)" 
eftieient-, i 

rediieing 

60 -per cent 
relative 
iiumidity 

80 per eent ' 
relative 
Iiumidity 

7o g«i. <?f sugar <liss<»lve{1 in tCH) o,e. of water, bciled 

i 09*4 

0-47' 

.0-04,| 

, , 0-70 

and solifgijcd 





7o gm, of sugar -f U-Sl? <iin. Cf so(iiiuu eliioride tiissolved 

118-0 , 

'0-65 

2-20 

S-OS' 

in 800 (*.c. of water, boiled atid solidified 





75 gm. of sugar i’O.agm. of polassiom ebioride dissolv- 

ed in 800 e.e. of water, boiled a-s before 

, 98*1 

: . 0-54 

0-58, 

! , 0 7-:25 ; 

75 gm. of sugar -C 0-8:2 gm. of eab-ium (‘hloride dissolved 
in 800 e.e. of water, boiled as before 

!)6-2 

■ ■ . 2-05 

^ ' ',1-92 

7-49 


Effect i f sidphates of sodium, pokm^m^ and caledmn 

The sulphates of the different iiietaLs were added to supply 0*5 gni. of BO 3 per 75 gm. of sugar. 

'TABimXI 

Effect if stdphaies\ of svdi-um, potassknn and caledmn 




Pereentai'e of 

i Percentage of moisture on 

1 ' dry matter. 

■partieuiai'is of treatment 

- ■ . , ■ ■ ■ 

■ , ■ ■ :■ ; . ■ ■ , ■ ■ , ■ . ■ ' . ■ ■■ 

Purity eo- 
eOiiaent 

rediKung 

■' sugar ' 

69 per eent 
relative 
humidity 

80 per cent 
relative 
Iiumidity ‘ 







75 gm. of sugar A 8 OO e.e. of water, boiled aiul .sididiHed 

99-1 

' 0*45 

9*41 

. 1*06 

75 gm. of sugar -i- 0-9 gin. of sodium sulphate dissolved 
in 800 e.e. <if water, boiled as bt-fon* 

98-1 

9*48 

0*85 

■ '4*62 

75 gm. of sugar -p PI potassium sulfiliate <}is- 

soived in 800 e.e, of water, boiled as before 

97-2 

9*78 

9-81 

. ■, l'6(b. 

75 gm, of sugar -4- 0-9 gm. of ealeiitni sulphate dissoivetl 
in 800 <‘.e. t>f water, boiled as before 

97*9 

9-67 

0*45 

P27 


li: v/ill be seen that each of the chloride samples has absorbed high amounts of moisture under 
80 per cent relative humidity. As regards sulphates, the sulphates of potassium and calcium haA'e 
caused the absorption of only a little more moisture than the control. Sodium siilphale sample 
on the other hand has absorbed fairly large amounis though the moisture absorbed is only slightly 
more than half of that for sodium chloride. 

In the boiling trials conducted in the laboratory as abovee perfeci ('ontrul of the experimeutai 
conditions could not be secured. For example the period! of boiling in these leasts vai'ied by a few 
minutes (5 to 10 minutes) and the temperature at winch tlui change was stnude varied by a degree im 
either side. To determine how far these small variations would affect the accuracy of the observa- 
tions noted above, further experiments were eonductiul, varying the duration of boiling only- 
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TabbisXII 


The effect of small variations ia the jierml of boiling and sinking tewpcrata.rc (m the composition and 
keeping qimlifg of jaggeries, prepared from pare sugar sohitiims 


Partifuiars of treatiDeut 


, 

Period of 
boiling 

Final strik- 
ing t.ern|K‘ra- 
ture 



Purify 

Pereeniagc' 
of r(‘du(*ing 
sugar 

Per('<‘j)f fig'f 
<.m dry 

fiO per cent 
r(‘lntiv(‘ 
humidity 

•>f moisiure 
mutter 

HO pfu’ eent ■ 
relative 
humidify 

75 gill, of hfi/diar f^ugfir -j- MOO e.c. 

, of 

H. M. 

■ ; f~-- 20 

122 C. 

00-1 

0*38 

0*01 

1 *32 

watep, boiled aiul solidified 

■\)<K 



i2a"C. 


0*54 

0 •.">() 

1 *55 

Do. 



123' 0. 

OO-o 

0-54 

0*(>{) 

1*41 

Do. 


1 

i2r'C. 

08-7 

1 ■ 0*54 

0*37 


Do. 


i~-4r> 

122 C. 

OfM 

0-79 

0*38 

:.M4' 

Do. 


4..^ 0 

123 0. 

97*0 

l*ir3 

i ,0*86 

i 

2--60 


It wii] })e seen tinit t he varialions observed in the moisture contents of tlu' abo\'o samples fall 
within rather nari'ow liiuits, showing thereby that the differences notetl previously l>etween sa.njples 
under various ti’eatinonts are real and not due to experinientai error* 

In the experiments quoted above, the line of attack has been to add dii’c-.-tly to sugar solutions 
of the vsarne sti'ength known amounts of various salts, to prepare jaggeries out of them and to compare 
these diffei'ent products as to their keeping .qualities. Additional e\'idence was sought to he obtained 
on, the question by adopting a different method of attack, viz. a study of th<^ f‘omparative behaviour 


of cane and cocoiinut jaggeries. 

Cane jaggeries ordina,rily contain niore glucose and less chlorides than coc'oanut jaggeries and a 
study of the keeping qualities of tliese jaggeries revealed that in spite of their low glucose content 
the cocoaniit jaggeries absurl)(.M] as inuch moisture as the cane jaggeries as shown below : 

Table XIII 

Comparison of the co)n}mitk)n and keeping qualitg of cane and cocoa n. atjagqeries 


Particulars 


I (0-eam • t-ane — Pc 

J Cream jaggery : Cocoamit 
Poovaii ordinary jaggery . 
I Cream jaggery : Cocoanut 


-Poo\'an variety 


Porceutage 

of 

sucrose 

Percentage 

of 

glucose 

ibirity co- 
efficient 

1 

* "■ 

PfU'ceiitagc 

of 

chlorine 

Percentage 
of moisture 
on dry matter 
75 per cent 
relative 
humidity 

81*34 

7*90 

86*86 

0*525 

10*57 

84*24 : 

. 3*44 

! 91*66 

0*850 

9*82 


1 ■■ ■ 15*63 

I'- ' ' . . ■ ■ ! 

0415 

14-80 

1 

4*09 

: ■ . ' 1 

■ i 

MIO 

1 14*50 


The above results show that the <;hlorid6s do play no less an important role tlian glucose in regard 
its effect on keeping quality. 

Ejfect of gums 

The effect of the so-called gums of sugarcane products which include protein, gums and pectins 
were next investigated and this was studied in two ways, firstly, a sample of ordiiiai-y eane .jaggery 
wa.s dissolved in water to give a concentration of roughly 50 per cent total solids and the gums were 
])recipitatod from this solution hy means of 95 per cent alcohol. The gums wnre filt(;red off and the 
filtrate was boiled dotvn into jaggery. The jaggery so prepared was anaiy.sed .mid it.s keeping quality 
compared with that of the original jaggery. 
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‘.ioihIIv, the ^ums separated as above were; washed thoro ugly with 80 ^ ptu’ ceiii alcohol, dried 
ixed with bazaaiv white sugar. .This was dissolved in water and boiled down into^ 
usual way. The (xunposition and keeping cpiality of this product were compared with thosf3 
product from white sugar. The j’esults are presented below^ : 

Table XIV 

Ejfeci of the ^ ([urm^ sepcmited from jaggcTij on 


Percentage 
of moisture 
on dry 
naat/tt'r 
75 per cent 
relative 
humiditv 


The results strongly indicate that the adverse effect of gums on the keeping ijuality of jaggery 
is comparatively small while that of glucose and chlorides is very pronounced indeed. 

The study of the probleni under question was continued by carrying out investig<itioii3 involving 
a different line of attack. 

Jaggeries from both cane and cocoanut were subjected to various treatments such as elariliaition 
with activated carbon and kieselgurh, and extraction with various organic solvents resulting in tlie 
removal of one or more of their ingredients. The jaggeries so treated were analyzed and their nujisl ure 
absorbing capacities estimated in the usual way. 

In the following experiment, a sample of cane jaggery was successively extracted at room tenn 
perature with (a) 95 per cent ethyl alcohol saturated with sodium chloride, (b) witli 95 per cent etliyl 
alcohol, and (c) again with 95 per cent ethyl alcohol. The original jaggery and the dilierent products 
obtained alter extraction were analyzed for various constituents and their moisture absorbing capa- 
cities at 75 per cent relative humidity were also determined. The data are given below ; 

■ TableXV ■ . - y ■ ■ . 

Composition am! moisture absorbing pmver of jaggerg before and after extraction with 95 per cent ethyl 
alcohol saturated with sodium chloride and with pure 95 per cent alcohol 


' After extra- (a) Extracted 
efcion with 95 with 95 per 
per cent alcohol <fcnt alcohol 
saturated , (b) 

with NaCl (a) 


Original 

jaggery 


Heads of analysis and other particulars 


Percentage on dry basi 


Sucrose ......... 

Olucosa . . • . » ’ *■ * * 

Chlorine 

Nitrogen 

Cums . , . . . * .* . ■ . 

Moietuj'e absorbed tinder 75 per cent relative humidity 
calculated on dry matter 

Percentage decrease in moisture absorbed . ^ * 


Particulars 

1 

Percentage Percentage 
of sucrose of glucose 

.. 

Percentage 
of gums 

Cane jaggery from Co 500 . . . • . ' 

85-52 8*05 

0-86 

The alxWe jaggery dissolved in an equal quantity 

76-50 10-69 

1,-56 

of water, boiled ?igaiii into jaggery j 

Gums removed by precipitation with 95 per cent ! 

79-52 10-69 i 

0-05 

alcohol, filtrate boiled down into jaggery i 

Bazaar sugar 75 gnu dissolved in 100 e.c. of water. 

94-79 0-55 

» . 

made into jaggery 

.Sugar 75 gm. -f 1*85 gm. of gums dissolved in 100 | 

93-17 1 0-88 


c.c, of water, boiled into jaggery | 

! 

i 
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It will be seen that as a result of extraction with 95 per cent ethyl alcohol, saturated with sodium 
chloride, the jaggery lost about 50 per cent of glucose but very little of chlorine, nitrogen and gums 
and there is a noticeable reduction in the percentage of moisture absorbed. This indicates 
that the improvement in keeping quality exhibited by the extracted material is possibly clue to tlie 
partial removal of giiicose. When the above product is again subjected to repeated extraction with 
pure 95 per cent ethyl alcohol, a further marked loss in the glucose percentage and an appreciable 
reduction in the chlorine content are noticed ; but no change in the nitrogen or gums percentages 
is observed. The improvement in the keeping quality has been very marked, thus demonstrating 
the adverse effect of glucose and chlorine on the keeping quality of jaggery. 

The effect of the partial removal of nitrogenous substances and gums from jaggery witliout 
change in the glucose and chlorine percentages was studied as follows : 

Cane and palmyra jaggeries were dissolved in water, clarified Vith activated carbon and reboiled 
into jaggery. In another experiment, the reconverted jaggery was extracted with 95 per cent etliyl 
alcohol. These different products were analyzed and their keeping qualities compared in the usual 
manner. The data are presented below : 


Table XVI 

Analysis mid keeping quality of a sample of cane jaggery before qnd after treatment wM activated cathon 


Heads of analysis 


Sucrose 
.ISllnGose 
Ash . 

Chlorine 
^nms 
Nitrogen 

Moisture absorbed from an atmosphere of 75 per cent 
relative humidity 


Original jaggery 
(a) 


(a) After clarification j 
with activated 
carbon (b) 


(a) Dissolved in 
water and reboiled 
into jaggery (c) 


Percentage on dry basis 


In spite of the great reduction in the gums fraction and a perceptible reduction in the nitrogen 
percentage, sample (b) has not shown any improvement in keeping quality ; on the other hand, a 
deterioration in quality is noticed possibly due to its higher chlorine content. 


Table XVII . 

Palmyra jaggery before and after treatment 


Heads of analysis 

Palmyra 
jaggery (a) 

(a) Treated 
with activated 
carbon and 
kieselgurh 

(b) 

(b) Extracted 
with 95 per 
cent alcohol 
(c) 

(a) E.vtracted 
with 95 per 
cent alcohol 

(cl) 

. 

Sucrose . . * ' • • * • 

Glucose 

Ash , . 

♦ 

Gums 

Nitrogen . * * * • ^ • • 

Moisture absorbed from an atmosphere of 7o per cent 
relative humidity period from 22-11-44 to 5-12-44 

88*12 

3*04 

1 5*146 

1 0*748 

i 0*533 

! 0*173 

12*36 

Percentage on dry basis 

90*88 

3*40 

3*211 

0*741 

0*205 

0*133 

11*69 

93*83 

1*43 

2*117 

0*417 

0*182 

0*100 

7*03 

88*82 

1*72 

4*641 

0*583 

0*487 

0*159 

^•18 


88*1 

89*1 

' 1 

84-9 

7-71 

809 

9-35 

2-045 

2*380 

2*065 ■ 1,1 

0*251 

0*391 

0*259 r 

0*367 

0*061 

0*321 1 

0*059 

0*038 

0*061 k 

9*80 

11*15 

i 10*95 |l 

1/ 




ii 

i 




360 


THE INDIAN JOUENAL OF AGEICULTURAL SCIENCE 


[vOL. XVII, PART (5, 


The above results fimiish additional evidence to show that it is the glucose and chlorine fraction 
and not the gums and nitrogenous fraction in jaggery that harms its keeping quality. Comparing 
(a) and (b), it will be seen that there is practically no change in the glucose and chlorine contents ; 
but more than 60 per cent of the gums and about 25 per cent of the nitrogen have been removed ; 
yet no improvement in keeping quality is visible. Again on comparing (a) and (d) one will notice 
a considerable reduction in the glucose and chlorine percentages and practically little change in the 
gums and nitrogenous fractions. The improvement in the lieeping quality of (d) over that of (a) 
is marked. The inference appears to be obvious. "" 

Discussion of results 

The harmful influence of chlorides of sodium, potassium and calcium and the sulphate of sodium 
and that of reducing sugars has been demonstrated by straight experiments in which the above subs- 
tances were individually added to pure sugar solutions, the solutions thus made were subsequently 
converted into jaggeries and the products finally obtained were compared for their moisture absorbing 
capacities with reference to their chemical composition. Confirmatory evidence in support of the 
above conclusion was obtained hy experiments which involved the removal of particular constituent 
or constituents from jaggeries by treating the latter with suitable reagents including organic solvents 
and activated carbon and subsequent comparison of the treated product with the original jaggery 
for their keeping qualities. Thus extraction of a sample of jaggery in the cold with 95 per cent 
ethyl alcohol saturated with sodium chloride removed an appreciable portion of reducing sugars 
but practically little of the chloride, gums or nitrogenous fraction from the jaggery and ^s a result the 
extracted product revealed an appreciable improvement in keeping quality. Subsequent extraction 
of the treated production with 95 per cent ethyl alcohol ejffected a further reduction in the reducing 
sugar content and a considerable reduction in the chlorine content, but again very little of the gums 
and nitrogenous matter was removed. As expected a further improvement in the keeping quality 
was noticed. 

On the other hand, treatment of the sample of jaggery with activated carbon leading to consi- 
derable reduction of the gums and nitrogenous substances but without any effect on the reducing 
sugars or chloride did not produce any improvement in the keeping quality of the jaggery. 

A comparative study of the composition and keeping t[ualit 7 of typical samples of palmyra(cocoa- 
nut) jaggery and cane jaggery has supplied further evidence in support of the above conclusion. 
Palmyra or cocoanut jaggery is characterized ordinarily by low glucose and high chlorine contents, 
whereas cane jaggery possesses in general a higher glucose and a lower chlorine content. In spite of 
the low glucose percentage, cocoanut jaggery has been found to absorb moisture to as high a level 
as the sample of cane jaggery possibly due to its high chlorine content. 

The above 'conclusion is however quite contradictory to the one arrived at by Varahaiu, viz. 
that organic non-sugars exercise a very potent influence on the keeping quality of jaggery whereas 
glucose and chlorides play only a very minor role in this respect. It may be mentioned in this con- 
nection that his experiments were confined to mere observations of the setting quality of sugar sol- 
utions as influenced by the addition of varying amounts of glucose and chlorides to the former. He 
did not carry the study further to compare the moisture absorbing capacities of the diffei*ent pro- 
ducts obtained as a result of the various treatments. 

It is pertinent and of interest to record here the observations made regarding the behaviour of 
€ane juices clarified with activated carbon but unlimed and that of juices limed but not treated with 
activated carbon. It is well known that cane juices treated with activated carbon boil smoothly 
without frothing up to the striking poinl:-, presumably due to the removal of non-sugar colloids as 
a result of the activated carbon treatment. Some of these juices however do not set readih?' at the 
striking point and the jaggeries obtained are soft. On the other hand cane juices clarified with lime 
alone give rise to considerable frothing and the boiling, is not smooth. They however set readily 
when concentrated to the proper consistency and the jaggeries are hard. These observations suggest 
that , the removal of non-sugar organic colloids from the juice, as in the case of carbon-treatment, 
do not seem to help in the setting of the final thick syrup and in the production of a hard jaggery, 
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and contrariwise that the non-removal of the organic colloids, as in the treatment of the juice with J 
lime only, does not appear to prevent the final syrup from setting readily and giving rise to hard i 

Jaggery. When it is remembered that activated carbon treatment removes from the juice a consider- ' 

able portion of the colloids but little of the glucose and that mere lime treatment greatly minimises 
inversion of sucrose into glucose but effects little change in the colloidal content of the juice, the con- 
clusion appears to be inevitable that it is mainly the glucose and the glucose decomposition products 
that interfere with -the setting of the final syrup and the quality of the resultant jaggery. 

SUMMABY i 


i It is generally known that keeping quality of jaggery is intimately associated with its chemical 

composition ; but the chief constituent or constituents which control this charater has been a matter i 
of controversy. • f; 

■ Evidence has been furnished in this paper to prove that reducing sugars and chlorides play a 

" very important role on the moisture-absorbing capacity of jaggery and that organic non-sugars in- 
cluding the so-called ' gums ’ and nitrogenous substances exert only a comparatively minor effect. 
Experiments leading to the above conclusion included the following set of experiments : 

(a) Jaggeries were prepared on a laboratory scale from white sugar solutions to which various 
amounts of the chlorides and sulphates of sodium, potassium and calcium,: of dextrose and levulose 
and of the so-called 'gums' separated from cane jaggery had been added. The moisture-absorbing 
capacities of the above products showed that the chlorides among the salts studied and dextrose, 
le-^ose and the reducing sugars increase the moisture-absorbing capacity of the jaggery to a 
considerable extent. 

i The so-called ' gums ’ appeared to produce only a comparatively small effect. "" 

(b) Jaggery samples were successively extracted with 95 per cent ethyl alcohol in the cold, 

resulting in considerable reduction of the reducing sugars and chlorine contents without however ; p 

any appreciable effect on the ' gums ’ and nitrogenous fractions. These extracted products showed ,i; i 

a marked improvement in keeping quality as a result of the treatment. i 

On the other hand jaggery solutions on clarification with activated carbon and kieselgurh lose ^ 
a considerable proportion of the gums and a fair portion of the nitrogen, but very little of the reducing 
sugars or tlie chlorides. These clarified solutions on conversion into solid jaggery showed, however, I- 
mo improvement in the keeping quality. i:. 

(c) A comparison of the composition and keeping qualities of typical caue and coco|inut jaggeries 
* furnished additional evidence in support of the above conclusion. 
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SOME OBSERVATIONS ON THE WATER RELATIONS OF SUGAR CANE 

PLANT IN NORTH BIHAR, 

By K. L. Khanna and P. C. Raheja, Department, of Agrionitnre, Bihar 
(Received for publication on December 1946) 

(With four text tigures) 

S UGAR-CANE is essentially a tropical plant. In Bihar the cane growing tract entirely lies in 
the snb-tropical region. This cane* tract is sub-divided into two by the intervening river Ganges. 
The sub-tract north of Ganges, popularly known as North Bihar, is more intensively cultivated wdtli 
cane than the region south of the river. Soil of North Bihar, is rich alluvium widely varying in tex- 
ture from place to place. At places it is underlain with pockets of sand. During the monsoon season 
the downward movement of rain water is quick and in the process soil and sub-soil both become com- 
pletely saturated with moisture. This happens because of the calcareous nature of the soil. The 
presence of lime reduces the cohesive force amongst the particles and in consequence not only the 
penetration is quick but also the field saturation capacity of the soil is high. The plant roots spread 
out in a wide circumference and show deep penetration both in the soil and the sub-soil This enables 
the crops to subsist on the stored soil moisture dimng the non-rainy periods and realize the maximum 
benefit out of the precipitation received during the monsoon season. Thus it is the ease with which 
soil is able to deliver water to the imbibing surfaces of the plant roots that the cane crop is grown 
without artificial irrigation in North Bihar. The annual precipitation in this cane growing region 
is about 45 in. At the foot of the hills it is more abundant than in the region close to the Ganges. 
The major portion of the rainfall is received in the monsoon period. Cane crop occupies the land 
from 9-11 months and this period may broadly be divided into three seasons, namely, summer, monsoon 
and winter. In North-Bihar, because of the unirrigated nature of the crop, hot weather forms the 
critical stage in the growth cycle of the crop. Under such environmental conditions the relation- 
ship between available soil moisture and plant growth is not quite a simple one. Growth effected 
is not only determined by the distribution of rainfall but also depends upon the nature of the critical 
or stress periods, which precede, intervene or succeed this precipitation. The object of the present 
contribution is a preliminary attempt to elucidate the relation of the cane plant to soil moisture 
under such environmental conditions. 

Historical 

The first systematic attempt to determine soil-water-growth relationship was made by Briggs 
and Shantz [1912 and 1914]. Briefly their studies conclusively showed that the lowest limit of avail- 
able soil moisture for uninterrupted growth of plants is the wilting coejBficient of the soil Soil moisture 
above this limit is readily available both for metabolic and transpiration processes of the plant. At 
or below wilting coefficient water in the soil is not readily available for transpiration purposes and 
plants enter their quescent state of wilting [Luthra and Raheja, 1933], when slow rate of water ab- 
sorption continues to some extent till complete desiccation occurs, the plants during the drying stage 
simply acting as the medium for the transference of water from the soil to air. Briggs and Shantz 
[1912] observed from their experimental evidence that plauts differed but slightly in their ability 
to deplete the moisture content of any given soil. Alway [1913] found that under normal conditions 
plants were able to reduce the moisture content of the soil to the hygroscopic coefficient. This, 
however, does not imply that plants can utilize for growth the small amount of water available between 
the limits of the wilting and the hygroscopic coefficients of the soil On the contrary this portion 
of water has a very high value for the maintenance of life under conditions of extreme aridity. Briggs 
and Shantz [1916] also concluded from their studies that crop plants widely differed in their relative 
water requirements. Maximov [1929] confirming the above conclusion further stated that drought 
resistant plants do not necessarily have a low water requirement. Their drought resistance is due 
to a multiplicity of morphological and physiological characteristics, From extensive studies on water 

m 


n 


THE INDIAN JOURNAL OP AGRICULTURAL SCIENCE 


[vOL, XVII, PART 6, 


balance of drought resistant plants, wild and cultivated, he concluded that physiologically drought 
resistant plants are better capable of maintaining their water balance under conditions of drought 
stress til an the less j'esistant ones and that they invariably transpire at a much faster rate under 
conditions of abundant water supply. His conclusions accord wdth the theoretical analysis given 
by Huber [1923] for the maintenance of water balance of plants. With this brief survey of the 
fundamental work on w^ater relations of plants we proceed to describe the investigations. 


Investigations and methods 

The undermentioned aspects of the problem of water balance were studied : 

1. Water content and diurnal moisture deficit in cane leaves 

2. Rate of water loss during the course of wilting 

3. Relative rate of transpiration from varieties during the hot w-eather stage of the cane plant 

4. Relative rate of transpiration from varieties during the maturition stage of the crop 

The technique and the methods employed for the study of the investigations are briefly stated 
below. 

Deteryninatioii of imter conteyif and leaf moisUo'e deficit 

Five sugar cane varieties sharply contrasting in their physiological nature, especially in respect 
of their drought resistant capacities as evidenced by casual observations in the field, were selected 
for the al)ove studies. These had veen grown in the same field for experimental work. Leaf samples 
were drawm at two-hourly intervals. For each of the samples of a given variety five standard (trans- 
verse mark) leaves from five of the stalks were removed and were immediately transferred to weighed 
bottles which were capped air tight. For each of the varities three such samples on every occasion 
were removed. All the fifteen sample bottles were removed to the laboratory where tliese were 
weighed. The leaf samples were dried at 95Th in an electrically operated air oven to a constant 
weight. Leaf moistm’e in every case was calculated on original fresh w^eiglit of the sample. The 
sampling for the hot weather wlts done in tlie month of May on three clear clays.' Five such esti- 
mation's in the months of July and August were made for the nonsoon period. For the cold weather 
again three similar estimations w^ere recorded in November. With a view to elucidate the varietal 
differences in each of the seasons mean values for each of the ^’'arieties have been worked out to compare 
the seasonal effect on the leaf moisture variations amongst the various varieties, 

Rate of water loss during the course of wilting 

Ten varieties similarly differing in their physioiogical traits, including tlie five varieties taken 
for the above experiments, were studied to determine the rate of water loss during the course of wilting 
of cut shoots. Immediately after cutting each of the shoots was weighted in a glass jar, and trans- 
ported to the laboratory close by. the actual time of weighing being noted in every case. The weight 
of the shoot was recorded up to the second place of decimal. The period between the first weighing 
in the field and the second in the laboratory has been termed the ' period of conditioning b So long 
as the shoots were small and could be contained in a glass container they were carried to the laboratory 
as such. Later on, however, it w'as not possible to do so and the shoots were brought to the laboratory 
without the container. Because of this difference in treatment of the shoots the differences noticed 
during the ^ period of conditioning ' for the various seasons have not been compared. Subsequent 
weighings hereafter were taken regularly at half hour intervals. In all 8 to 10 weighings in each 
case vere recorded. At the end of the period the dry weights of the shoots were determined. There- 
from, on dry weight basis, the rate of water loss for each of the intervals was calculated. These 
determinations were made during each of the three seasons and the results given in the test are the 
mean values of the th/jee readings. The experiments w'ere carried out in May for the hot weather, 
in July and August foi* the monsoon season and in November for the cold tveather. 

Relative rate of transpimtmi from varieties during hot and cold 'weathers 

Uniformly grown plants of nine varieties, including the five taken for the previous studies, were 
subjected to experiment. The pots had a size one foot square in cross section and two feet in <lepth. 
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In mid’April eartlienware jars of about 600-700 c.c. capacity, wit]} open mouth of about one inch in - 
diameter, were fixed for making up the loss in soil moisture due to transpiration. To do away with the 
surface evaporation soil surface of the pots was wax^. Prior to the sealing of the soil the soil i 

moisture of the pots was brought to field saturation capacity of the soil. Daily weighings for deter- 
mining the transpiration loss were recorded each day in the morning at about 8 A.M. The loss of 
water was made good in each case through the earthenware jars. Five plants of each variety wore - 

under experiment. Weighinents were begun in early May and continued for five weeks. Height 
measurements of the mother shoots indicated that plants made small growth because of the intense 
atmospheric aridity prevailing then. At the close of five weeks’ period dry matter of the actively 
transpiring foliage was separately determined from the rest of the plant and on the basis of foliage 
weight, transpiration ratios were worked out for every plant. The roots of plants w^ere washed with ' 

the needed care over a fine wire gauze of 225 meshes to a square inch. After washing the roots they ^ 

were cleaned of all extraneous matter and their dry weight was determined. From the dry weights 
of the foliage and the roots, foliage root ratios were worked out and the results have been interpreted ; 
in relation to transpiration ratios of varieties under experiment. 

Similarly treated plants were employed for the study of the transpiration rates of varieties during 
the cold weather months. In order to determine the transpiration intensities of the varieties leaf 

areas of the varieties were determined at the beginning and at the close of the experiment. The ; 

transpiring area was determined by the procedure described by Klianna [1934]. Briefly stated it 
consisted of multiplying leaf length with the leaf breadth at the widest point and leaf area factor ' * 

determined for most of these varieties, i.c. 0-7005. Since both surfaces of the leaf transpire, twice I 

the area of leaves was taken as the transpiring area of the foliage. Dry matter of the foliage and roots : 

was determined at the close of the experiment for the purpose already stated for the hot weather 
series. f’' 


Experimental EESULTS 

Mean values of leaf moisture for the various varieties, on different dates, at different hours of 
the day, have been set down in Table I and graphed in Fig. la. 


Table I 

Per cent leaf moisture data oUcmied during hot weather- 


Time/Datc 

7.0 A.M. 

9.0 A.M. 

11,0 A.M. 

1.0 P.M. 

3.0 P.M. 

5,0 P.M. 





Variety- 

-C62U 



9/5 


75*50 

73*50 

72-20 

72*00 

71*87 

7i*70 

i,o/r> . 

26/5 . 


77*38 

76*63 

■ 74*54 

73*86 ■ 

73*58 

73*48 

. ,, ■ ■■ . . 

75*11 

73*59 

72*95 

72*06 j 

71*85 

71*64 

Mmn . 


76-00 

74*57 

73*23 

72*64 

72*43 

72*27 





1 Vmieiy-~~Go3lS 

1 


9/5 


75*30 

73*80 

71*20 

70*25 

^ ' 70*70 

70*50 

■; »■ V 

16/5 . 

26/5 . 


'■ ;76*83' 

74*02 

73-49 

71*51 

71*07 

71*36 



72*52: 

71*64 

: ■ 72*70- : 

69*24 

69*31 

68*68 

Mean . 


74*88 

73-15 

72-46 

70*33 

70*36 

70*38 





Variety— 

~Co2m 



0/5 

16/5 . 

26/5 . 


74*50 ' 

73*70 

73*20 

\ 72*60 

71*20 

73*20 


68*30 

78*17 

Ifyn 

n-'2i 

71*85 

72*72 


76*29 

74*46 

72*67 

71*42 

70*04 

71*42 

Mean 

76*39 

75*44 

73*71 

I ' 72-76 

[• ■ : : 

71*03 

72*45 


h2 
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Table I — mntd. 


Per cent ImJ moisture data obtained during hot weather — contd. 


Time/Date 

7.0 A.M. 

9.0 A.M. 

II.O A.M. 

LOP.M. 

3.0 P.M: 

5.0 PAL 




Variety- 


■00286 



9/.5 , 

72*70 

71*20 

69*70 


68*80 

68*li0 

69*30 

16/5 

26/5 

74*10 

74*50 

73-91 


72*90 

72*30 

72*70 

72-95 

71-61 

70*47 


09*01 

68*36 

69-6t 

Mroff ...... 

73*25 

72*44 

71-36 


7ih24 

69*85 

70*51 




Variety- 

- 

-Co331 



9/5 . ... ■ • 

16/5 

26/5 

71*60 

70*80 

70*70 


70*10 

70*80 

71*60 

73*90 

72*98 

72*25 


72*09 

72*98 

73*73 

72*60 

71*54 

70*78 


69*87 

69*15, 

, , 69*54 

Mena, ...... 

72*70 

71*77 

71*24 

70*69 

70*98 

71*62 


A perusal of the results indicates that as the day advanced leaves tended to exhibit saturation 
deficit. During the hot weather usually leaf moisture did not show a recovery till 3,0 P.M. In 
the case of Co213 and Co313 a further drop w'-as observed at 5.0 P.M. while varieties Co210 and Co285 
had higher w'ater content at 5.0 P.M. than at the preceding hour. Variety Co331 began to make up 
its water deficit betore 3.0 P.M. The mean maximum saturation deficit, on the original leaf water 
content, at 7.0 A.M., in ti»e decreasing order in the varieties, was Co2]0, Co213, Co313, Co285 and 
Co331 (Fig. la). The analysis of the data is given in Table IL 
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{a}HOT WEATHER (b) MONSOON SEASON (C]COLD WEATHER 


TO flTO WO fO 3*0 5*0 TO 5*0 11*0 I'O 3*0 5*0 7*0 9*0 frO 
tkJUL A.M. hM **44- ftM. A.M. A.M. AM- P-M- P*M^. P-M. AM. AM A.fc 

Fig. L Periodic variations in leaf moisture 

TABIiE IT 

Analysis of varimee—hot wmffm series 


Sum of 
squares 


Mean 

variance 


Degree of 
freedom 


Varieties (V) 

Dates (D) . . * . • 

Two-Hduriy Fluctuations (Tl 
Interactions : 

VxD. 

V X T . 

DxT. 

JUesidml error 


t Significant at 20 per cent 


* Significant at 10 per cent 
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Two-liomiy fluctuatioIl^s exhibited significant differences at 20 per cent level of significance. 
Still wider differences were apparent for mean values of leaf moisture on different dates which were 
sianificant at 10 per cent level of significance. The various first order interactions were not signi- 
ficant. 

During the monsoon period, except variety Co213, the foliage of all the other varieties exliibited 
the maximum saturation deficit at 1.0 P.M. (Fig. lb). This deficit was made up in the case of varieties 
Co285 and Co331 after 1.0 P.M., so that leaves had higher water content at 3.0 P.M. and 5.0 P.M. 
respectively. In the case of varieties Co313 and Co210 the deficit continued to exist till 3.0 P.M. 
Later the deficit was made up partially by 5.0 P.M. In general in the monsoon period varieties exhi- 


TableIII 

Two-hourly fluctuations in leaf moisture during the monsoon 


Mean 


Mean 


7.0 A.M. 

9.0 A.M. 

11.0 A.M. 

; 1.0 P.M. 

3.0 P.M. 



Variety- 

-ao2U ■ 


7o-9o 

75-18 

74:^34 

73-81 

74-36 

74-69 

74-00 

73-45 

73-00 

■ 72-55 

74-73 

74-08 

72*13 

71-89 

72-02 

78-96 

75-50 

73-34 

73-24 

73-00 

76-52 

76-81 

76-33 

74-85 

73-40 

76-17 

75-1 i. 

73*92 

73-38 

73-07 



Variety-- 

-GoSlS 

c,. 

72-29 

71-85 

70-68 

68-87 

69-00 

71-84 

70-34 

70-18 

69-72 

70-54 

74-08 

73-32 

72*90 

72*11 

■ 70-46 

73*89 

72-96 

72-28 

71*91 

71*91 

76-75 

75-43 

74-56 

72-61 

73-14 

73-fi7 

72-38 

72-12 

71-02 

71-6i 



Variety — Go210 


76-88 

77-10 

^ 76-36 

74-75 

75-30 

76-61 

73*27 

73-07 

72-61 

72-92 

75-39 

75-60 

73-43 

72-65 

72-16 

77-25 

1 75-67 

75-23 

73-88 

74-05 

74-21 

! 73-74 

72-97 

68-08 

. . 69-65 

73-29 

72-56 

71-15 

69-48 

70-36 


: 

Variety-- 

-Co831 


76-59 

75-96 

74-53 

70-84 

70-03 

72-20 

70-34 

71-42 

70-33 

70-31 

74-60 

72-38 

71-83 

71-19 

71-63 

73-11 

72-94 

72-13 

70-99 

73-07 

75-02 

74-52 

71-66 

69-91 

71-78 

74-08 

1 

73-23 

72-31 

70-63 

71-36 
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Table IV 


Degree of 
freedom 

Sum of 
squares 

Mean 

variance 


4 

76-119 

19*02975 

11-876* 

4 

238-047 

69*51175 

37-1368* 


175*67 

35-13 

21-92* 

16 

79-472 

4-967 

3-0996* 

20 

22*318 



20 

19-504 



80 

128-202 

1-6025 

i ■ 

^ * 


Dates p) . . . . • • ^ ^ 238-047 69-51176 37-1368* 

Varieties (V) • • • . , , » , * 21*92* 

Intervals (I) . - - - - - - ■ - 5 175 67 do 13 

Interactions: ^.gg^ 3-0996* 

n V T ■ • • • • ■ ; • ; ; 20 22-318 .. 

V T ■ ■ ' . . . . ^ 20 19-604 

„ . r , ■ - - - gg 128-202 1-6026 

* Significant at 1 per cent level 

The analysis variance of the data-, given in Table III, was carried out (Table IV) which indicates 
sic^nificant differences amongst varieties in their mean leaf water content irrespectiw of the two- 
iiourly intervals and dates of estimation of leaf water content. Similarly significant differences were 
observed amongst various dates irrespective of the effect of two-hourly fluctuations and the varieties. 
The interaction between varieties and dates was also significant, so that on different dates varieties 
showed different water content. On the whole the two-hourly intervals exhibited significant 

In the cold weather a progressive deficit in leaf water content was noticed as the day advanced. 
The rate of decrease from hour to hour was very much pronounced as compared to the preceding 
two seasons (Table V, Fig. 1C). This is evident from Table VI in w'hic-h the analysis of variance o! 

the data, is given ; 


Table V 

Diurnal variation in leaf moisture (hiring the cold weather 


Dates/Time 


7.0 P.M. 

9.0 P.M. 

79-29 

76-40 

74-77 

72-68 

. 75-40 

73-56 

76-25 

74-21 

73-38 

72-19 

74-05 

72*98 

74-39 

73*29 

73-94 

■ 72-82 

77-09 

74-98 

78-38 

77-27 . 

76-30 

74-80 

77-26 

75-68 


5.0 P.M. 


Variety — Co213 


Variety — Go313 


Variety — Co210 
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Table V — conti, 

Diurml mriatim in leaf moisture during the cold weather 


Bates 'Time 


Variety — Co285 


Mean 


■Co331 


Mean 


Variety — Co299 


Mean 


Variety — Co2Sl 


Mean 


Variety — Co35$ 


Mean 


Variety — Oo326 


Mean 
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Table VI 

Analysis of mriance—coU weather series 


Dae to 

Degree of 
freedom 

, Sum of , 
squares 

Mean 

variance 


Dates (D) . 

2 

23'625 

ii-8125 

5-921* 

lEtervals (I) . . . 

5 

' 1261-85(> ■■ 

" 252-87 

. , 126-60* 

Varieties (V) . . 

8 

899*011, 

.49-876 

25-00* 

Emidmltfmr . ’ . 

146 

291-2907 

1-995 


Toful 

161 





* Significant at 1 per cent level 


; The analysis exhibited highly significant differences amongst the twodiourly fluctuations. Similar- 

j ,, ly differences in the mean leaf moisture content during the day amongst the varieties were also observ- 

] ed to be highly significant. Considering all the varieties under study dming this stage Co281 showed 

I the maximum deficit of 12*89 per cent and Co331 least deficit of 7*19 per cent over the initial water 
content of varieties at 7*00 A.M. In the last column of Table VII the order of earliness in maturity of 
varieties has been shown. It will be observed that during the cold weather early varieties, namely 
Co299, Co281 and Co313,, exliibited higher water deficit than medium-early or late canes, 
i Rate of water loss during the miirse of wilting 

\ Darwin 0 901], Darwin and Pertz [1913] and Knight £1917] noticed that on severing a leaf from 

i the stem and allowing it to wilt, a temporary opening of stomata prior to elosiire following upon 

j wilting occurred. Knight stated that the time that elapsed between seering the leaf from the plant 

and the opening of stomata varies considerably with different plants. Transpiration within certain 
limits followed the course of the opening and closing of stomata on leaves. Studies carried out on 
different varieties of cane during the hot weather exhibited this sequence in the rate of transpiration 
under low transpiration conditions of the laboratory (Fig. 2). At first there was a progressive fall 
with time to a minimum, depending upon the variety following which the rate of transpiration rapidly 
rose, but soon after there occurred a decline in the curve of all the varieties. It may be mentioned 
that some varieties exhibited greater loss during the process of wilting than others. The maximum 
loss was sustained by variety B. 6308 of all the varieties under test. , 

The results of experiments conducted during the monsoon are presented graphically in Fig. 3 
of the text. Marked tendencies in the course of changes during the process of wilting were rather 
irregular in all the varieties and the behaviour completely differed from the previous period. In 
the monsoon season it appears the foliage do not have a greater reserve of water which on wilting 
may be available for transpirational loss. Combined experiments on changes in stomatal aperture of 
wilting plants and their rate of transpiration conducted by Knight (loc. cit.) indicated, a rough 
* correlation with the magnitude of the increase of stomatal aperture. It . is interesting to speculate 
on the changes which occur respectively to the stoma, ta during the monsoon and the cold weather. 
Knight could observe no correlation between the temperature of the air and the magnitude of the 
accompanying increase in transpiration rate from the leaf surface. At the same time he found 
a distinct relationship between the temperature during the experiment and th^^ lengd-h of the interval 
between the commencement of wilting and the occurrence of the maximum transpiration rate which 
approximately varied inversely with temperature. Evidently other factors than the temperature 
factor were responsible for the loss of unregulated transpiration during the process of wilting. ^ ater 
coiitent of leaf is a factor of importance in the process was clearly shown by Knight. ^ During mon- 
soon the plants have ample supplies of water at their disposal and they seldom suffer from shortage. 
The atmospheric relative humidity also remains high. The foliage are adopted to such conditions. 
They maintain water balance without suffering an acute water deficit. It is. therefore, that during the 
monsoon season the maximum deficit exhibited by any of the varieties is small, compared to the 
deficit either in the hot Weather or cold season. 
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Fig. 3. The rate of water loss during the course of wilting: the monsoon series 

So lo.,g as tie plant, 

ZtTthetet celVexperience a deSefency j|. ‘veS'lS- 

valent to many atmospheres arises m the cell • parenchyma- of the leaf. T-hiS' 

it is presumed, are compressed as^ they giv p permeating the plant, 

suction, developed in wilting leaves due lop^-ynintor of transoiration from the leaves [Maximov, 

is transmitted to all parts and acts as a power u g _ ^^vironment the suctian pressure in the leaf 
19-29]. 

cells m not very great. If any , of vessels by the roots which have 

a few atmospheres, the loss is made good ^ q other hand in the hot weather 

smaller plants during the hot weather. 
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^ ' . 1 ' Fia. 4. The rate of water loss during the course of wilting : the cold weather series 

, Since, clnring the itionsoon period the leaves do not manifest high degree of moisture deficit, 
thft'avajlabie iWater for loss during the process of wilting is small and the leaves, when artificially 
wilted aift^r severing them from the plant, did not exhibit the marked tendencies during the course 
of iiSfilting. In fact the loss experienced from one interval of half hour to another was so small that 
abtupt rise o,nd fall might not have been clearly exhibited. In the cold weather in spite of the leaves 
exhibiting high degree of moisture deficit, and thus- high suction tension equivalent to a many atmos- 
pheres, other- -conditions upset the regulatory function of the stomata, and the deficit could not 
be ‘■'made up in leaves till 5 P.M. Luthra and' Chima [1937] while working on cotton noticed that 
during' the month of November'the transpiration-regnlatory function of stomata was lost. Assum- 
ing that that happens with sugar cane stomata also, it is evident that in spite of the high suction 
developed within the vessels of the plant the deficit in leaf moisture is not made up towards the evening 
in fhe cold season, as it could be made up during the hot weather or monsoon period (Fig. 1). 
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Eelative rate of transj/iration fram, varieties in relation to environment 

Before proceeding to give detailed data for transpiration it appears appropriate to give the data 
on foliage and root development for both are separate entities when absorption and transpiration 
are considered individually (Huber, loc. eit.). The mean dry matter weights of foliage and roots 
of the five plants of each of the varieties and the ratios between the two are given in Table VII. 


Table VII 


particulars 

Varieties. 

Co285 

Oo281 

Oo299 

1 

Co210 

1 .0o213 1 

Co331 

Co326 

Co313 . 

^Go206 ^ . 

Foliago— gm. , 

40-40 

! 41*57 

1 

41-03 

54*77 

48*76 

49*42 

60*60 

32*32 

48*10 

Roots — gm. 

10*48 

10*61 

10*78 

18*62 

17*34 

19*47 

20*64 

13*74 

24-81 

Mean water loss per day— -gm. 

231*65 

285*20 

142*78 

266*18 

389*10 

399*31 

480*70 

237*22 

618-22 

Foliage/Root ratios . 

4*20 

3*92 

3*81 

2*94 

2*80 1 

2*50 

2*45 

■ ■ '2*36 

1-93 

Relative transpiration ratios 

5*26 

6*86 

3*48 

4*86 

7*98 j 

8*08 

9*50 

7*34 

10-67 


Ooeffioieiit of oorreMion between foHage/root and relative transpiration ratios — 0*68± 0*1787 

It will be observed that generally varieties which have high foliage/root ratios have low relative 
transpiration ratios. Statistical examination of the data revealed a fairly high significant coefficient 
of correlation between the two factors. 

During the senescent phase of the cane crop when transpiration rate principally due to less 
intense environment, is low the results indicated similar trends. The data are presented in Table VIII. 

Table VIII 

Foliagelroot ratios and relative transpiration of varieties during the senescen phaset of the crop — dry matter 

ingm» . 


Particulars 


FoUaga wt.— -gm. . . _ 187*52 276*01 203*90 185*1^ 258*50 126*44 

Roots wt. . . . 76*13 115*24 84*91 86*05 119*94 59*14 

Foliage/root ratios . . . 2*47 2*40 2*40 2*18 2*15 2*14 

R elative transpiration ratios . 4*44 3*66 7*26 4*05 6*46 6*15 

Goafficieiit of correlation between foliage/root ratios and the relative transpiration ratios 


Co326 

Co213 

Co299 




276*01 

115*24 

2*40 

3*66 

203*90 

84*91 

2*40 

7*26 

185*16 

86*05 

2*18 

4*05 


J*04 171*38 218*78 

r*74 96*96 125*18 

L-94 1*76 1*74 

i»Q2 5*25 7*26 

~0*722i: 0*1072 (signi- 
ficant at 5 per cent). 


It is evident from the high value of the coefficient of correlation that the extent of root system 
like the foliage, plays an important part in regulating transpiration of the plant. 

Maximov (loc. cit.) while explaining the mechanism , of regulation of transpiration stated that 
investigations of Lloyd [1912], Livingston and Brown [1912], Muenscher [1915] and Knight [1922] 
had shown that stomatal aperture and transpiration did not show consistent interrelationship. In 
sugar cane Kuyper [1915] observed that the maximum rate of transpiration generally reached after 
the stomata had begun to close so that the transpiration rate was independent of the stomatal beha- 
viour under the conditions of his experiments. Haines [1935] stated, that the water content of the 
leaf is one of the principal factors controlling the transpiration rate, the operating factor being the 
Pressure deficit which he defined as the difference between the pressure in the conducting 
tract and the pressure at the leaf surface^ According to Miller [1938], these pressure deficits 
alone apparently cannot reduce transpiration by their effects upon the vapour pressure at the leaf 
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cell surfaces but mast also cause aa mcrease'in the resistance to the flow of water through the proto- 
plasts of the cells of the leaf. Two of the factors that apparently may greatly influence the degree 
of incipient drying in the leaf and thus influence its rate of transpiration are the leaf surface and the 
nature of the root system. Under the environmental conditions, when atmospheric aridity mani- 
fested its influence, the coefficients of correlation between foliage-root ratio and the relative transpir- 
ation ratios were fairly high and significant. Evidently foliage and roots in concert with each other 
play a significant part in regulating transpiration through the plant* 

Rate of transpiration during the successive mmths of the maturition stage of the crop — 

It is natural enough that the varieties should show an increased rate of water loss during the 
summer and active growing season. During the maturition stage when the plants enter into a state 
of senescence, bringing growth almost to a stand still, it appeared interesting to study the behaviour 
of varieties in respect of the transpiration rate month after month. The results (Table IX) indicate 
that relative transpiration ratio and the transpiration intensity decreased as the season advanced 
and varieties matured. Graphic representation of the data further revealed that early 
varieties, namely, Co299 and Co313 exhibited a more rapid decrease in the transpiration 
loss than the other varieties under experiment. These varieties within a period of one 
month i.e. in November showed a decrease of 20 per cent as compared to Co281, a 
medium early variety, which depressed the rate of water loss by about 10 per cent only. 
Other varieties maintained transpiration rate equal to their October values. In December early 
varieties had depressed their rate of loss to about 50 per cent while the mid-season ones kept up to 
about 70 per cent and higher of the October value. In January though all varieties indicated decrease 
the magnitude of depression was not as great as in the preceding month. Evidently the various 
varieties exhibited different behaviour as the season advanced. If environment were the factor 
mainly responsible then all the varieties should have exhibited equal depression in the rate of water 
loss as the season advanced and became cooler and cooler month by month. Obviously other factors 
intervened to cause a difference in the degree of depression in the rate of transpiration exhibited 
by varieties in the various months. 

Table VIII 

Rdative transpiration ratios and transpiration intensities of varieties during senescent phase of cane crop 


Eelative transpiration 
. laMos " ^ ■ 

■ Transpira- Intensities 

( tion on ■ per cent' 
per cent of foliage area of October 
October basis vain© 

value 


Months 


Varieties 


October . 
ISFovember 
December 
January , 


Oo299 


October . 
November 
December 
January' . 




October . 
November 
December 
January 


Com 
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Table ?III 


Relative traftspimtion ratios and transpiration intensities of varieties during senescent phase dfeane crop 


..Varieties 


October , 

Moiifciis 




, .Eelative transpiration 
r^ios 

On 'foliage , per cent of 
■ dry weight ■ October 
basis value 

444 lOOJ) 

'■ . 

Transpira- 
tion on 
foliage area.;, 
basis 

0-122 

November 





•37 

084- 

.0419 

December 





3-06 

68-9 

0*083 

January . 





2-75 

61-9 

0-075 

October . 





■ 6*02 

100*0 

0-141' 

November 





5*08 ' 

84*4 

0-133 

December 





. 4.-.23 

70*2 

0-102 

January . 





449 

69*2 ■ 

0-098 

October . 





..■7-2b 

100-0 

0-136 

November 





743 

08*2 

0-134 

December 





5-68 

78*2 

0-107 

January . 





5-39 

74-2 

0401 

. October .. . 





5‘25 

100-0 

0449 

November 





5-20. 

99*0 

, 0449 

December 





445 

79-0 

0-118 

January , 





3*73 ■ 

71-0 

0407 

October . 





441 

lOO-O 

0-152 

November 





4-71 , 

106-8 : 

0-163 

December 





3-65 , 

82-8 

0-126 

January . 





348 

78-9 

0-120 







— — — 


October . 





3-66 

100-0 

0-128 

November 





4*05 

ilO-7 

0-142 

December 





340 

' 92*9 

0-119 

January". 





3-24 

88-5 . 1 

0-114 


per cent 


General discussion. 

In the words of Leake [1943], the capacity of any climate to support plant life depends on two 
factors, that which may be termed the energy level, of which a partial measure is the temperature 
and the moisture level of which the measure is rainfall. Failure in a crop is due to the fact that mor- 
phologically or physiologically it is not adapted to the range of these two levels occuring in the loca- 
lity. However, the grower may manage to change the moisture level to suit the plant. But he is 
unable to change the energy level very materially. The water balance of the plant at any moment 
is ‘ the resultant of the interplay of all the factors, both internal and external, affecting its water 
balance ’. Virtually the leaf moisture content at any given time during the day is determined by 
the rates of transpiration and absorption from the plant. When the former tends to be more rapid 
than the absorption from the soil, a moisture deficit in the leaf occurs, the degree of which depends 
upon the aridity of external environment. In our results (Tables!, II and III) the degree of moisture 
deficit during the mid-day hours in the hot weather and cold months was much greater than in the 
monsoon months. Further it was noticed that during the cold season when plant enters upon its 
senescent phase all the products of metabolism are not utilized for growth but a major portion of 
them is stored as carbohydrates. The rate of accumulation of sucrose in the cane plant thus increases. 
Some of the varieties store up sugar at a much faster rate than others and are fit to be crushed early. 
It wajs observed that not only the degree of saturation deficit increased very considerably in the autumn 
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montlis than that in the hot weather but early maturing varieties exhibited greater saturation deficit 
' as Compared with the mid-season or late canes. Besides, it was noticed that as season advanced the 
early or medium-early maturing varieties depressed their rate of transpiration much more than mid- 
season or late canes (Fig. 4). It is evident that an internal fector other than the general structure 
of the leaf or the external environment was affecting the saturation deficit and transpiration rate. 
Drabble and Drabble [1907] noticed that the concentration of sap must vary over a wide range in 
order that any appreciable influence may be exerted on transpiration rate. The difference in the 
concentration of sucrose content in the cell sap of the plants of early and mid-season and late varieties 
varies between 3 and 5 per cent. Those differences had been sufficient to depress the transpiration 
rate by 20 per cent in the November month. 

It was, however, noticed that Co285, an early maturing cane, imuTitained its transpiration rate 
in November equal to that in October. This exceptional belia\ion}.‘ may explained on the basis 
of its drought resistant nature [Khanna and Venkatraman, 1929]. U has been vsliown by various 
workers such as Dunn [1933], Dexter, Tottingham and G.arber [i.93oJ that xeropliytic plants posses 
higher content of hydropliyllic colloids which under conditions of drought develop high imbibi- 
tion pressure and, therefore, retain high water content in the lea fund this was so in spite of the high 
concentration of cell sap in the stem which should cause greater water deficit in the leaves. 

Weaver and Clements [1929] have stated, ' A complete scientific understanding of relationship 
between the soil and crop cannot be obtained until the mechanism is understood by which tlie soil 
and plant are brought into favourable relationship, i.e. root system b Khanna [1934] has recognized 
three distinct types of root systems in sugar cane, namely, (a) mesophytic, (b) semi-xerophytic and 
(c) xerophytic. The classification is based primarily on tlie nature of vertical and horizontal spread 
of the root system in the soil. The varieties with mesoyAytic type of root system are less resistant 
to drought owing to more lateral spread, so that during the periods of drought the varieties suffer 
from low availability of water for maintaining water balance of the plant. During the hot weather 
and in the autumn months when the crop has to subsist on conserved moisture in the soil, the type 
of root system must play very significant part in the upkeep of leaf moisture, rate of transpiration, 
turgor, etc. A variety which is unable easily to adjust itself under these envh’omnental conditions 
must of necessity fail. This conclusion is supported by the data, on transyfiration ratios and foliage/ 
root ratios. Significant negative correlations were observed betw een tlie two entities under the sum- 
mer and autumn conditions (Tables VII and VIII), the two stress periods in tlie environment of North 
Bihar* 

Summary 

Investigations on the water relations of sugar cane plant under the luurrigatcd conditions of 
North Bihar were conducted for better comprehension of the fuiudional response and suitability of 
the cane varieties to the environmental conditions. 

Experimental evidence indicated that early varieties, namely, Co281, Co299, Co3L3and Co356 
exhibited a higher saturation deficit after the mid-day hours than either the mid season or late canes. 
Maximum, dehrfit was indicated in the autumn months and minimum during the monsoon period* 
The course of changes in the rate of water loss from the wilting leaves during the hot weather was 
normal, i.e. initial fall was followed once by a rapid rise and then a slow decline ; during the monsoon 
such changes were less conspicuous and in the cold weather they were irregular in all the varieties. 
Foliage/root ratios and the relative transpiration ratios of flie varieties during the hot weather and 
the autumn months exhibited high significant correlationship. During the latter season a successive 
decrease, month by month, in the relative transpiration ratios and transpiration intensities was ex- 
hibited by all the varieties. The early maturing ones depressed the rate of water loss to about 50 
per cent of their October value in the month of January, while others kept up to about 70 per cent 
or higher of the initial values in October. The importance of extensive semi-xerophytic root system 
of the varieties for North Bihar soils has been indicated. The exceptional beiiavioiir of Co285 in 
decreasing its relative transpiration ratio in the manner of early varieties and still maintaining high 
Wateie content in the foliage is attributed to its drought resistant nature. 
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THE RELATIVE EFEICIENCY OF WATER REQUIREMENTS IN RELATION 

TO MANORIAL TREATMENTS* 

By K. L. Khanna, Sugar Gaue Specialist, Bihar and P. G. Rahb-ja, Sugar Cane Specialist, N.W.F.P. 

(Received for pnMication on 27 January 1947) 


S OIL fertility is a critical factor limiting growth of plants. One of the basic essentials of any 
crop for successful growth and development is its nutrient requirements. It is not merely th^ 
one single element such as nitrogen and its effect that are required to be studied but the 
working out of a well balanced nutrient schedule is the primary need. This sidiedule should necessarily 
ameliorate or lessen the deficiencies of available plant nutrients, should produce apt physical chaji^es 
in the soil base and should conduce to elaboration of nutrient salts in an assimilable form ; ot lierwise 
the application of fertilizers is bound to be wasteful because of the failure to take the circumstances 
fully into account. This is specially true of nitrogen fertilizers as it is subject to more rapid depletion 
than others. It is the purpose of this note to demonstrate the effecti veness of the different maimrial 
schedules, time of their application, form in which nitrogen should be applied and to express this 
effectiveness mathematically in terms of relative efficiency of water requirements. 

There is available a mass of data bearing on the response of crops to application of fertilizers 
as measured by final harvest yields but there Is generally a paucity of information on the effects of 
the application of fertilizers to soil on the several functional responses of plants. McCool [1928] 
showed that the application of potash and phosphoric acid resulted in an appreciable increase in the 
concentration of cell sap and that when phosphoric acid was used it had a tendency to bring about 
a reverse action. He also stated that leaves of plants dried out (wilted) more rapidly when grown on 
soils without fertilizers than on soils to which fertilizers had been added which difference he assumed 
to be due to differences in the concentration of cell sap. Leather [1912], Kiessalbach [1916] and Singh 
and Mehta [1938] have shown that transpiration ratios of crops are lowered by manurial treatment. 
Raheja [1934], besides confirming the above conclusions, observed that wheat crop manured with 
farm yard manure made more economical use of \vater than that manured with an equivalent^ dose 
of ammonium sulphate. Sethi [1936] reported that under conditions obtaining at Shairjehanpur 
optimum returns in cane yield were obtained with a considerably low water duty when nitrogen 
fertilizer was applied at the rate of 100 lb. per acre. Rege, Yaglioklar, Wagle, Apte and Kiilkarni 
[1943] have investigated on a field scale, the water requirements of sugar cane crop in relation to 
manurial tretaments. They observed that the interaction between nitrogen application and water 
duty was significant, indicating the value of higher manuring with higher irrigation. 

T.eather [1907] and later on Davis [1918] pointed to the deficiency of phosphates in N'orth Bihar 
soils and stressed the need of application of phosphoric acid as a fertilizer. Cliff [1931] concluded 
from the data of trials extending over three seasons, 1928-29 to 1930-31, that a dressing of 40 lb. 
nitrogen and 50 lb. phosphoric acid gave substantial and significant increase in yield in every case 
over the control series. The manures, however, were applied in two doses, one half at planting and 
the other half at earthing up of the crop, that is with the first break of the monsoon. These findings 
were further confirmed by Cliff [1937] and it was pointed out that with a normal crop of sann hemp 
(Crotolaria jiincea), buried as green manure during the preceding monsoon and with one maund of 
double superphosphate applied at planting, the need for the first half dose (20 lb. of N and 25 lb. 
of P205) was obviated. Cliff, however, could not decide as to whether to apply the manure in one 
dose or in two half-dozes. Recently Yuen and Borden [1937] have shown that cane plant can rapidly 
absorb from the' soil available nitrogen and the quantity of nitrogen absorbed is independent of the 
needs of plant which when absorbed beyond the requirements at the moment might be stored up 
and used for subsequent growth. 



Remarks 


Nitrogen was applied as 
ammonium sulphate; 
PqOs as superphosphate 
and boron as boric Acid, 


T^\ble it 

Scheme of organic versus inorganic fertilizer series 


Treatments per acre m 


At earthing up 


At plantiiij 


Notation for treatment 


Niciphos II was selected 
as it has equal pro 
portion of N and 


I 
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111 this case also the plants appeared above ground within 20 days of the planting. The growth 
of plants was normal in the containers in both the series, which were harvested in early February 
next year when their dry weights were determined. Simultaneously the total amount of water 
pended by each of the plants was worked out. In the calculation of the relative water requirements 
under various treatments root-weights were not taken into account because these studies were conduc- 
ted to conform to the manurial experiments in progress in the field where root-weights were not possible* 
The, bearing of these results will be discussed in a later publication when confirmatory results from 
further experiments in the field liave been obtained by the senior author. 



ExPEEIMEjSTTAL eesults ■ tl 

The results from the inorganic fertilizer series show (Table III) that in order of merit, the treat- ; 1 
meiits, and F respectively indicate higher relative efficiency of water requirements as com- ■ ^ 

pared to the treatment A. 

This evidently suggests that the application of fertilizers is beneficial in increasing the relative 
efficiency of water requirements. ^ 


Table III 


Relative efficiency of water requirements in the inorganic manure series 

'.f 

f 

Serial No. 

No manure ^ 

(Control) 

s 

B 

. © 

i bO 

+ S.S 

O U543 

c8 

p<r 

401b, N4-60 lb. 

Pg Og in two half 
dozes, each at o 
planting and 
earthing 

J> 

*o o c£> 

, f-* b0 

■TO g 

5 ©"'i. 

B 

^ O ^ ^ 

ZiSsi 

T § f 

i’Sti 

O fij c5 03 . 

II 

*s 3 f :f 

.1 

+ 2 04 ! 

^1 

PM ,1 

. ■ I' ... '■■■ . „ ',r ^ 

293-0 

195-0 

1 - 165-7 

172-8 

175-5 

^ P 

210-0 

II 

255-7 

175-9 

240-0 

200-1 

173-7 

153-6 

Ill 

193-2 

183-4 

219-5 

181-4 


216-7 'K 

IV 

283-8 

199-8 

177*7 

167-5 

’ 223-2 

241-9 ^ 

Mean 

256-4 

191-11 

200-7 

180-5 

192-4 

205-5 

S. B. of difference between two treatment means 

•• 

±17-46 


.. ^ 

^ Relative efficiency of water requirements 1-000 1*342 

1-278 

1-421 

1*333 

1-248 i I 


A comparison of treatments D and B and treatments E and C brings out the fact that application 
of potash, whether it was applied in one dose at planting or in two half-doses, improves the relative 
efficiency of water requirements. The effect of boron, however, is to depress the efficiency of water 
requirements, as the comparison of the mean values for F against B, G, D and E indicates. It is 
also apparent from a comparative study of the mean values of treatments B and C and treatments 
D and E that the application of the fetilizers in two half-doses is not conducive to economical use 
of water by the plants. 

In the organic versus inorganic manure series (Table IV) a comparison of treatments P against 
R, U, Q, T and S shows that manurial treatments in this experiment also increased the relative effi* 
ciency of water requirements. Therefore in general the experimental results of the first and the 
second series corroborate each other. 



Semi 

No. 


Degrees of 
freedom 


Besidus 
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Table IV 

Relative efficiency of water requirermiis in the organic versus inorganic fertilizers series 


e3 ^ 

s l«l I Si 

■S!»+'5g.9 

6 


+±^ 

^ ^P-i cS 


1L 

CQ^ a. 


c<| O OT 

^«fTj P 
HH P^ fl tJD 
M. . eg 

«lS2 

O .S “g 
-e <3 

f±l^ 


hizi g gs£ J 


Z ^ -S 

^ Pw 


^ ft «e 


. . . . . • 254*8 

S. E, of difference between two treatments means 


194*7 

144*8 

180*5 

332*4 

188*1 

168*5 

247*5 

272*9 

150*3 

244*4 

299*1 

178*7 

nil 

nil 

146*5 

nil 

nil 

163*3 

264-8 

226*2 

162*9 


228*6 
dr 22*41 


Relative efScienoy of water requirements 1*000 1*016 1*411 1*005 0*892 1*338 

Furtlier study of mean values of different treatments shows that the single dose at planting is superior 
to the two half doses, applied half at planting and remaining half at earthing up, in both the organic 
and the inorganic schedules of manuring. This is evident from the comparison of treatments R and 
Q and treatments U and T. The organic schedule of manuring is also slightly better than the inorganic 
one under discussion (Compare mean values of treatments R and U and treaWents Q and T). 

The analysis of variance of the results as worked out for the first set of experiments is given 
in Table V. 

Table V • 

Analysis of variance : Inorganic manure series 


Value of F 


Degrees of 
freedom 


Sum of 
squares 


Mean 

variance 


Observed 


Theoretical 
at P=0*05 


Treatments 

Errors 


14442*22 

16429*96 


2888*44 

966*47 


Sum of 
squares 


Value of F 


Mean 

variance 


From the analysis it is evident that differences amongst the treatments were significant at 5 
per cent level of significance, lending further support to the conclusions reached above that manurial 
treatments gave higher efficiency of water requirements than no manure treatment. The analysis 
of variance of the data presented in Table IV, is given in Table VI. 

Table VI 

• Analysis of Variance : Organic versus inorganic fertilizer series 


Observed Theoretical 
at P==0*05 


26 64559*41 

5 32921*008 6584*2016 

21 31638*402 1506*5906 
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EFFICIENCY OF WATEB EEQUIREMENTS IN MANUBIAL TREATMENTS 



For purposes of anafysis to U treatment (Table 11) was rejected on iu^coiuit 

of its abiioiiiiality. The analysis indicates signifi^^^ differences amongst the tj-eatmciits. Full 
dose application of organic or inorganic schedule of manuring shows definite decrease in the absolute 
water requirements oi the plants. The split up dose though apparently indicates a decrease, the 
difference between the control and treatments Q, S and T is not wide enou<j;h to show’ sigiiificaiK'o. 


Significance OF THE RESuiyrs 

Willcox [1930] maintains that crops not only require the amounts of nitrogen or other mimu’a ls 
tliat are taken to build up the tonnage of the crop but these must be present in the soil, to crea.to a 
sort of. pressure {satiation pressure) that forces the vegetative cells to go through their functions. 
From this it readily follows that manurial value of those fertilizers, as are resorhed iniiuediatel}", 
is much higher than those which do not readily do so. Further indirect evidence to support tins 
view has been given by Truog [1928] who describes solid phase feeding by plants in part to nmke 
up (lefficiency left over in the liquid phase feeding of the crop. Solid phase, feeding applies to such 
manures as are not dire(‘tly absorbed and have residual effect. With these therefore. satiatio?i 
pressure in the soil always remains effective and the cells remain more active than would (.otherwise 
1)6 the case witli manures that are quickly absorbed. In the second set of experiments organic 
majuire (castor cake) that leaves its residual effect and therefore meets the requirements of satiation 
])rcssure and solid phase feeding, increases the efficiency of water requirements compared to the 
artificials. 

Ayres [1937] has shown that maximum requirements of the crop for tlie mineral matter are 
in tlie early stages of giovctli of the crop. The experimental evidence fi’om l.)oth these sets of ex- 
periments supports this contention. It seems to be the reason why a full dose applied at plcint- 
ing is more beneficial than the two half doses. A full dose at planting by creating higher satiatkm 
pressure in early stages is likely to induce better development of plants which ultimately results 
in higlier efficiency of water requirements. The results of these experiments if confirmed by field 
experiments will have considerable agronomic value in saving the cost involved in making the secorul 
application of manure to the sugarcane crop. 

The significance of boron in agriculture has been dealt with by Dennis and O'Brien (1937) 
in a monograph. Russel [1937] from the evidence of Terilokowski and Nowicld [1933] points out 
that'. ........ .quantities in excess of the very small amounts needed by plants are harmful ’ and 

this prol)ab]y explains wliy the plants did not show increased efficiency of water re(iuirements. Since 
the cjiuintities suggested are too small it may not be possible to work out the effect so clearly unless 
the experiments are specially laid out for the purpose. 

, Summary 

The. lesults of water re<|uirements studies obtained from two sets of experiments i‘cport(Ml aliove 

mav be vsummarized us under: ^ . 

' (I) The complete manurial dose, whether it belonged to organic or morgamc schedule, applied 
all at the time of planting made tlie plants more economical in the use of water than tlie cases in 
which this manure was applied in two half-doses, tlmt is half applied at planting and the remaining 

riialf at earthina up or in which no manure was applied. 

(2) The applic*ation of Niciphos IJ was less economical from the point of view ol water ex- 

pemditure t]>an an equivalent dose of castor cake. 

(3) Idle application of potash reduced the w^ater expenditure per unit of dry malter ])roducc(L 

(4) Tlie applic'ution of boron did not compare favourably wMi the in stamiard sdiedule (40 lb. 
]sTq„5() ly/g thougli the plants showed better results than the ones in no manure series (con- 
trol) whicli \yeve least economical from water expenditure point of view. 

(5) The application of fertilizers in general gave statistically significant increase over no 
mamire in the relative efficiency of water requirements as compared to non-manurial treatments. 


f ■ ' 
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THE QUALITY OP THE DRAIN, RIVER AND CANAL WATERS 

OF THE PUNJAB 

By A. G\ Ascihae and. G. L;Dhawan, Irr%atioii Kesearcli Iiistitiite, .Lahore 
(Received for ptibKcation on 11 November 1946) 

(With six text figures) 

W ITH the development of canal irrigation and the consequent rise of water-table m the Punjab 
has arisen the question of drainage. The two doabs which have been primarily afiec ted by 
water-logging are Chaj Doab and Rechna Doab. The Chaj Doab lies between the rivers Jliehioi 
and Chenab, and the Rechna Doab lies between the Chenab and the Ravi. 

Figs. 1 and 2 show the main, the branch and the subsidiary drains of the Chaj and Rechna Doabs 
respectively. 

The chaj doab 


The main drainage systems of the Charj Doab are the following : 

1 Wan Drainage System 

2 Raniwah Drainage System 

3 Mona Drain 

4 Lower Rani-wah Drain 
The Wan Brainage system 

This is a net work of several small drains forming a more or less complete circle whicli drains 
tlie area between the Chenab escape on the north-east side and the Southern Branch , Lower Jhelum 
Canal on the north-western portion. The total catchment area is equal to 28 square miles. 

2. The Mmtkmh Drainage System 

Towards the Jhelum side, the main natural drainage starts north-east of the town of -^ni and 
travelling parallel to the river, discharges into it. 

3. The Mona Drain 

It starts from the right side of the Main Line, Lower Jhelum Canal. It pours its water into the 
Sulki Creek which in tui*n joins the river Jhelum. The total catchment area of the Mona Drainage 
System is approximately 476 square miles. 

4. The Lower Rani-wah Drain 

The Lower Rani-wah Drain has its beginning in the Bhek Main Drain which sfcaris joear R.D. 
65,000 of the Sulki Branch, opposite the point where the Mona Drain enters tJie Sulki The 

total catchment area of the Lower Rani-wah Drain is approximately 301 square miles " 


The BBCHNTA DOAB 

The system of drainage that had developed to any large extent in this Doab was the Vagh Na llah. 
The total'catchment area of this systern'is approximately 450 square miles. 

As ihe programme for the construction of drains developed, the question of disposal of the 
draina'^^e waters usefully became essential. One method that readily suggested itself was to mix 
the drain waters with the canal waters. This required a check ou the quolitv of the mixed water 
so that the total salts do not exceed the suitability limit. 
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Fig* 3. The reiatioa between conductivity and total smalts of the drain waters 
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Experimental 

,A. regular, analysis of the waters of tie major drains was started in 1933. with the following points 
hi view: 

а. Is the water .fit for iiTigation ? 

б. Are there any changes in the salt content of the water with the passage of years ? 

c. How far the drains are responsible for removing the salts from their catchment areas ? 

The waters were analyzed in the laboratory according to the usual method of analysis, and the 
results interpreted Taylor, Puri and Asghar [1935]. 

The standard for the suitability of water for irrigation purposes at present is that water contain- 
ing 60 parts of salts per 100,000 parts of water is fit for irrigation, but if the water contains 60 to 120 
parts of salts, the salt index should be determined according to the equation given below : 

Salt index=(Total sodium — 24*5) — (Total calcium — calcium in calcium carbonate) X 4*85, 

The salt index is negative for waters fit for irrigation and positive for waters unfit for irrigation. 
The upper limit beyond which the water is generally declared to be unfit for hrigation purposes is 120 
parts of salts per hundred thousand parts of water. 


Discussion OP rEkSults 

(a) Relation bekoeen conductimiy and salt content of the drain waters 

Exainination of water samples from various drains has been in hand for many years. The 
results of analysis of water (having total salts less than 160*0 parts per 100,000) are plotted in Fig. 3. 
The correlation of total salts with conductivity is positive and is 0*90 which is highly significant. The 
regression equation is ^==0*08 x +3*0 where x — conductivity and 2 /=:total salts per 100,000 parts. 
The actual and the calculated values for a few drains are given in TaWe I. The agreement is excellent. 

Table I 

Tim agreemmt between the experimental and the eahulated mlues of total salts of the drain waters 


Name and site of tRe drain 


Conductivity 


Total Salts per 100,000 
parts 




Wan drain at E.D.O. . . . 

Wan drain (Pumping station) , . 

Wan drain at R.I). 37,500 . 

Mixture of Wan drain and Khaclir Branch 
Lower iiani-wah drain at R.I). 42,000 
Lower Rani- wall drain at R.B. 238,500 . 
Lower Rani-wah drain at R.I), 228,364 . 
Mona drain at R.B. 13,200/14,000 . 

Mona drain at R.B, 135,500 , 

Mona drain at R.B. 327,500 . 

Mona drain at Sulki creek 

Tail Jhattanwali drain . . . . 

Tail Kalerwali drain ' . 

Tail Shari drain 

Tail Gajargoia drain . . ' . 

Tail Said'Nagar drain .... 
Tail Bucha drain * . • 

Head Alimed Pur Wagh drain 
Ahmedpiir Wagh drain at R.B. 30,000 
Tail Aiimedpur Wagh drain . 

Tail Sagar Branch drain ... 
Tail Raragarli Hawaii drain . 

Tali Hafizabad drain .... 



Table 1—contd. 

Tim agreemetht Lekveen the experiniental and the calculated values of total salts of the drain coiitd* 


Name and site of the di-ain 


Tail Chammi drain .... 
Tail Ivaryala drain . . . 

Tail Rattcki 33raiu . . . 

Tail Tliatta .Raika drain 

Ahmedpur Kot Nikka drain R. 1). at 50,000 

Aiuncdpur Kot Nikka drain at R.I). 17,000 

Hoad Julian Kassoki drain 

Tail Julian Kassoki drain 

Salar drain at R.B. 30,000 . i 

Mark Salar drain at R-.i). 79,000 

Melowana drain at R.D. 2,000 

Sukheki drain at E.D. 2,000 . 

Sukheki drain at R.D. 1,000/3,000 . 

Vanir di'ain at R.D. 1,000 
Dabora drain at R.i). 100 
Marh Ghiniot at .R.B. 165,000 • \ • 

Mark Ghiniot Main drain at K .1). 125,000 
Marh Ghiniot at R.B. 10,000 . . 

Tail Kutreka drain . . . 

Rechna seepage drain at R.B. 5,000 
Reehna >Seepage drain at R.l^. 30,000 
Rechna seepage drain at R.B. 56,000 
Gujranwala drain at R.B. 1,000 . . 

Tail Mangold drain . . . 

Sheikhupura drain at R.B. 2,000 . . 

-Tail Dhil wan drain . . > . 

Tail Rechna outfall drain . . , 

Tail Jagatan drain . . . . 

Tail Gha-khni drain . ... 


Conductivity 


Total Salts iier 100,000 
,, parts 



Eic peri- 
mental 

Calculated 

1,668 

135-6 

136-4 

710 

^ ■ 54*0 

59-8 ' 

410 

39‘0 

. ■ 35*8' 

430 

39*0 

37-4 

710 

, 73*2 

59-8 

684 

' ■67-5 

'. 57*7' 

286 

27*6 

.,25*9 

517. 

44-8 

41*4 ■ 

578 

48- 1 

.' A9‘2' : 

'552 

46-3 

47*2 

1.013 

90*3 

89-0 

3,008 

225-6 

243*6 

2,742 ' 

270*0 

- 222-4. 

2,430 

181-9 

197*4 

3,688 

314-6 

298*0 

1,075 

87-4 

89*0 

1,513 

139-8 

124-0 

1,554 

124-3 

127-3 

2,494 

205-6 

202-5 

283 

24-1 

25-6 

555 

50-8 

47-4 

997 

84-6 

82*8 

652 

58-0 

55-2 

877 

72-4 

73-2 

1,240 

.. 9'6-5 

102-2 

833 

77-9 

69*6 ^ 

946 

84-6 

78*7' 

650 

50-0 

■ 55-0 

800 

69-6 

■■ 67*0 


(b) SuiMbility of water for irrigation purposes 

The water of the Wan drain is generally fit for irrigation purposes. It has been noticed that 
sometimes the salt content rises above the safe limit of 60 parts per 100,000 but then the mixed 
water of the drains and the Khadir branch is suitable. The waters of the lower Rani-wah drains 
are unfit for migation. Where, the total salt content exceeds the safe limit of suitability, _ it is to be 
mixed with canal water in order to bring down the total -salts within the permissible limits. 

The results of analysis of the canal waters are given in Table II. 
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Table II 

Composition and concentration of salts in the waters of the Punjab rivers and canals 


Sampling site 


5 Western Jumna Canal near Abdnlla- 

. ;f,|' ' .pur . , H,., 

: River Sutlej near Rillaur * , 

SirlMiid Canal near Boraha 


Salt Contents 
Calcinm 


Sulphate 


Bicarbo- 

nate 


(Parts per 100,000) 
Sodium 


Sulphate Chloride 


Total Conduc- 
tivity 
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Table 11—cmtd, 


Composition and concentration of salts in the waters of the Punjab fivers , and mmls-~cont,d. 


Sampling site 

Salt Contents 

Calcium 

(Parts per 100,000) 

Sodium 

Total 

Condue- 

tivity 


Sulphate 

Bicarbo- 

nate 

Siilphato 

Bircarbo- 

nate 

Chloride 



R.i¥er Beas near' Dhilwan 

7-5 

11-0 " 



, 3-5 

22-0 

. 200 

Upper Chenab Canal near Chichold 
Mallian {U.C.C.) 

i 

10-0 

114 

M 

2*9 

,254. 

' '275' 

Upper Bari Boab Canal near Tibri 
(U.B.D.C.) 

34 1 

i 

7-0 

3-6 


1-S 

15-8 , 

200' : 

Lower Giigera Branch, Lower Chenab 
Canal near Jaranwala (L.G.B.) 

8*S 

11-5 

14 

•• 

2*3 , 

,24-0 

250 

Lower Jhelum Canal near Ludewala 

, 1 
^ 

34 

15-0 

3-6 

* • 

4*7 

26-7 

: 340 . 


The results show that the conductivity and the total salts in parts per 10''’^ parts range between 
200 and 340 and 15*8 and 26*7 respectively. The L. J.C. water possesses the highest and the XJ.B.p.C. 
the lowest figure. The average ratio of conductivity to the total salts is lb2. The average caleiimi/ 
sodium ratio is 3*2. The highest'ratio is found in L.G. and the lowest in U.C.O. The U.C.C. contains 
the highest concentration of sulphate ions, which is all sodium sulphate, and hence shows the lowest 
calcium/sodium ratio. 

Calcium sulphate is present in the water of all the other canals. 

All the waters are fit for irrigation. 

Taking into consideration the average salt content during the pa.st years, the dilution required 
to render the unsuitable drain water suitable for irrigation may be done according to Table IIT. 


Table III 


The dilution required with the canal water to mahe the drain water suitable for irrigation purposes 


Serial 

Ho. 

Haine of the drain 

Site 

Mean 

discharge 

Total 

salts in 10® 
parts 

Dilution times to lower the salt 
content in 10® parts to 






30 parts 

00 parts 

100 parts 

1 

Low^er Rani-wah drain . 

. R.D. 42,000 . 


879*8 

141*7 

22-8 

10-3 

2 

Mona drain . 

. R.I). 327,000 . ’ 


284*8 

42*5 

0*2 

2*4 

3 

Mona drain . 

. R.D. 135,000 . 

20-0 

7B*0 

7*0 

0*33 


4 

Wan drain 


10*0 

48*5 

3*1 

. . , ■ 


f) 

Siikheki drain 

’ R.D, 3,000 . 

2*9 

288*8 

43*1 

6*4 

2*5 

; 6 

Chiniot drain 

. R.D. 181,000 

41*0 

80*5 

8*4 

0*57 

. . 

7 

Chhami drain 

. R.D. 1,000 . 

4*5 

134*2 

17*4 

2*1 

0*45 


(c) Changes in salt content with the passage of years 

The rate of increase in the total salts of some of the drain waters with the passage of years is 
incorporated in Table IV. The salt content of lower Rani-wah drain is increasing at the jjate of 71*5 
parts per parts and 29*8 parts per 10^ parts per annum atR.D. 42,000 andR.D. 238,500/228,364 
respectively. The other drains do not exhibit any appreciable change in the salt content. 



ki 


I 
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Table IV 

The rate of increase of decrease in the salt content of some of the drains per year 


Rate of iii,crease 
or decrease la 
salt content per 
year . 


Number of years 
on whicli rate is 
calculated 


Name and site of the drain 


Serial I 
No.' I 


Wan drain at R.D. 37,l>00 ... 

Wan drain at wan minor erossinst . 
Mixture of wan drain and Khaclir liranch 
Sulld creek , . . . 

Mona drain at R.D. 33,200/1,400 , 

Mona drain at R.D. 135,1)00 
Mona drain at R.D. 327,500 
Lower Rani-Wah at R.D. 42,000 . 

Lower Rani-Wah at R.D. 238,500/228,304 


(d) Amount af salt remmml by the drams per year 

The drains perform double function. Tliey not only remove the surface water, but also remove 
the salts from the soil. Table V (1940) gives the amount of salts removed by the drains per yeo,r. 
Though the salts removed by the drains every year are thousands of tons, yet the removal when taken 
into consideration with, the total cpiantity of salts present in the catchment area, oi* tlie draiiiKS is 
insignificantly small. The following example will make tlie point clear. 

Table V 

The total salts removed hy some of the drains per year 


Total .salts 
removed pei 
year 
(in toms) 


Average 
discharge 
in ciisecs 


Name and site of the drain 


Lower Rani-wah at R.D. 42,0(X) 

Mona drain at R.D. 13,200/14,000 . 

Wagh ch'ain at R.D. 30,000 Ahmadpur . 
Mona drain at R.D. 327,500 
Ahmedpur Kot Nika drain at R.D. 50,00(i 
Head Jurian Kassoke drain . 

Mark Salar drain at R.D. 70,000 
Sukheki drain at R.D. 2,000 . 

Marh chiniot drain at R.D. 16,000 . 
Oujranwala drain at R.D. 1,000 
Tail Shorey drain - . , . , 

Tail Mangoki drain .... 
Tail Jhatanw^ali drain . , . 


Assuming that the average salt content of the catchment area, of the Mona drain at ii.D. 327,500 
is 0*40 per cent, it will be necessary to reduce it to 0*20 per cent so that the soil comes within the per® 
missible limits of salt content. The total catchment area of the drain is about 476 S(j. miles. Tlie 
depth of the soil crust may be taken as 8 ft. and the weight of one cubic foot of soil as JOO lb. 

rr.i /r.T. u 476x1760x1760x3x3x8x100^ 

Total wt. of the soil— tons =47*22 x 10^ tons 

■■■2240' ■ ■ 


f otal wt. of the salts to be removed from the above soil 
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Fics. D, Relation between salt index and Ca Na ratio of the drain waters 


is 
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The average aiiiuial removal of the salts in the Mona drain is 10^x3'02 tons {vide Table V).- 
Therefore the number of years required to remove 9*44x1 Ortons of salt = 9*41: xl0^V3*02 x 10^ 
about 312 years. Thus the reduction in salt content as affected by the drain is not appreciable. 

(e) Belation between salt index, total salts, calcnmij sodium ratio, and value 

(i) Fig. 4 shows the relation between the salt index and the total salt content of the drains.. 
The graph signifies that the total salt content is approximately a function of the salt index. 
For the positive salt index the salts increase with the increase in the salt index, while for the 
negative salt index the salts decrease with the increase in the salt index. Thus the drain waters 
unfit for irrigation contain mostly sodium salts, and the quantity of calcium decreases proportionately 
with the increase in total salts. The waters with negative salt index behave differently. The 
correlation of total salts with salt index is 0*94 and positive which is highly significant. 

(ii) Belation between the salt index and calcium i sodium, ratio of the drain waters 

Fig. 5 shows the relation between the calcium/sodiuni ratio and salt index of the waters. Though 
* there is a scatter of the points yet it is pointed out that the calcium sodium ratio increases with the 
increase in the negative salt index. The correlation of calcium/sodium ratio with salt index is ()*4f> 
and negative. It shows that high Ca/Na ratio is associated with low salt index. Water containing 
high Ca/Na ratio possesses a highly negative salt index, and vice versa. 

(iii) Relation behveen the salt inde'x and jfEL value 

Fig. 6 represents the relation between the positive and negative salt index and value. 

The higher the positive salt index, the higher is the ;pH value. It is vice versa in the case of 
waters of negative salt index. But the agrelment is not well marked. The results signify tlie 
importance of the introduction of calcium ions in making the waters fit for irrigation. It has 
been noticed that calcium * permutite [1947] and calcium sulphate can be used for converting the 
positive salt index into negative one. This conversion would automatically change the unfit water 
into a fit one. The correlation of salt index with 2 ’H value is 0*66 and positive. It means high 
salt index is associated with high value. ■ " j 

(f) Aquatic j! ora of the drains in relation to their salt content 

The drains are infested with many kinds of flora. But it has been observed that with the 
increase in total salts Potamogenton pectinatus increase in number and Hydrilla [1916] decrease iii 
number. In drains of low salt content Vallisneria and Hydrilla predominate. 

Summary . ■ 

L There is a close relationship between the conductivity and the total salt content of the drains 
2. The drain waters are not very alkaline. The pR values range between 7*25 and 8*75. 

\ 3. The drains are removing several thousand tons of salts per year. But the process is very slow. 

4. Except the lower Kani-wah drain, there is no significant change in the salt content of the 
drain waters per year. 

5. Salt index is the real determining factor in the quality of the drain water, 

6. The occurrence of Potamogenton pectinatus is an indicator of the high salt content in the 
drain water. 
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A PRELIMINARY NOTE ON THE ESSENTIALOIL-BBARING PLANTS 
GROWING IN KASHMIR— PART III 

:By Kv Jj/Haota, L. D. KAPOOB and I. O. Ohopea, Drug Researcli Laboratory, Kashmir State 

(Received for publication on 7 October 1947) 

I N continuation of the work [Ohopra et ah, 1946 and 1947] on the study of the essential oil-bearing 
plants of Jaminu and Kashmir a few more plants reputed for their aromatic properties were 
collected during botanical tours in the Kashmir valley. 

The study of these plants has revealed that some of these yield a fair percentage of essential 
oil which can be economically exploited for medicinal and cosmetic purposes. 

The studied plants are noted below. 

lyXmthoxylum alatum Roxb. (Vern. Tiwbm) 

The plant is usually a shrub but at times attains the height up to 20 ft. . It grows along the foot 
of the Himalaya from the Indus eastwards ascending to an altitude of 5,000 ft. usually in rather 
hot, dry places [Parker 1924]. In Kashmir the plant is common in the Jhelum valley below Uri 
(25 miles from the valley). 

Every part of the plant possesses a peculiar aromatic pungent smell. Walking sticks and clubs 
are made from its stems and fragrant twigs are used as tooth brushes. In the indigenous system 
the fruits and bark are used in fevers, dyspepsia and cholera. [Chopra, 1933.] 

Eor the study of the essential oil the fruit of this plant was obtained from Muzafhirabad district. 
On steam distillation a pale yellow oil with a peculiar odour was obtained with the following cliarae- 
teristics which have been compared with those of the foreign oil [Giklemiester and Hoffmann, 1922]. 


Local oil 

Yield of oil from dry fruits . . . . • . • 2*1 per cent 

Sp. gravity . . . • . . • • * • • 1*025 at 15°C. 

Refractive index ..... . . . . . 1 '475 at 20^0. 


Foreign oil 
8 per cent 
0-8653 at 15°C. 
l'4813i at 20°C. 


2. Aegk marmelos Corr. (Vern. Bael) 

The tree indigenous to India and is found wild all over the sub-Himalayan forests, in Bengal, 
south India and Burma. It is also cultivated at various places for the alleged medicinal properties 
of the fruit [Collett, 1921]. It is very common in the lower forests of Jammu Province. The 
unripe fruit is regarded as an astringent, digestive, stomachic and is said to be an excellent remedy 
for diarrhoea and dysentery [Chopra, 1933]. 

Both the fresh and dry fruits and leaves procured from Jammu were steam distilled. The 
yield of the essential oil from the fruits was rather poor. The leaves yielded quite a good 
quantity of the oil which has the following properties : 


Yield of oil from fresh leaves 
Yield of oil from dry leaves 
Yield of oil from fresh fruit 
Sp. gravity 
Refractive index 


0-23 per cent 
0-54 per cent 
Traces 

0- 807 at 15°C. 

1- 448 at 20°C. 


Z. Juniper berries 

Juniper berries and the oil extracted from them are very ancient remedies and were used for 
digestive and diuretic purposes. Junipet oil in the' commerce is much used for preparing the well 
krown beverage ‘ gin ’ which owes its characteristic flavour to Juniper [Chopra, 1933]. There are 
three species of Juniper which grow in Kashmir : Juniperus communis, J. maoropoda and J. recurm. 
Out of these species Juniperus recurva is rather scarce. Effort is being made to procure its berries 
ajid the results will be communicated in due course. 



Sp. gravity , . 

Refractive index 

Yield of oil from dry fruits 

Specific gravity 


ipej^ qf flil from dry friiits 
Sp. gravity . • ■ ■ 

Refractive index 


6. Archangelica officinalis (Var. Hinialaica ) — 

It is a large perennial erect herb assuming the size of a small tree. It is commonly found in 
Kashmir near the water channels at altitudes from 8,000 to 1.3,000 ft. especially in the hills near 
Grulmarg and Gurez, 

The fruit and the roots of the plant are reputed for their aromatic properties. In Europe the 
plant A. qffieinalis is official and its essential oil is used as a flavouring agent in confectionary and 
in liquors [Bamber, 1916]. 

The fruits and roots were collected from Gulmarg and on steam distillation the oil yielded had 
•the following properties : 

Yield pf oil from dry roots 0-8 per cent 

^p,;gravity,, at 15“C. 


0*8 per cent 
at 

1-4478 at 
3*8 per cent 
0*887 at 15^0. 
1*464 at ^O'^a 
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Juniperus communis Linn. X^ern. FMkex), : li/m an ever.green shrub which grows at high^ 
altitudes from 9,000 to 14,000 ft. in tie inner 'dry ranges of mountains. The ripe berries of the plant ' 
procured from .the Sindh valley were steam .-distilled.- The properties of -the. oil obtained from the 
berries are gix^eii l.)elow and are compared with those of the foreign oil [Parry, 1925] ; 

Local oil Foreign oil 

'Yield of -oil from dry berries . 0*77:. per. cent, Q*:5;.to. l*05.;par. v.e|it y, ■■ 

Sp. gravity ... . . • • 0*9388 at 15^C. 0*865 to 0*890 at 15^C. 

Refractive index ..... 1*488 at 20°C. 1*475 to 1*488 at 20Yh 

Juniperus macropoda Boiss (Vern. Padani). It is a medium sized tree which grows in inner 
dry ranges of the Himalayas at altitudes of 8, 500. to 14,000. ft. It is very common in the G.urez 
valley. The wood of the tree is much used for pencil making. The dry berries, of the plant pro- 
cured from Gurez valley yielded a sweet smelling oil on steam distillation which had tlie following 
properties : 

Yield of oil from dry berries ...... 3*3. per cent 

Sp. gravity .......... 0*8571 at 15^0. 

Refractive index 1*473 at 20'^C. 


4. Ferula Jaeschkeana Vhtke {Vevn, Hing ) — 

A number of Ferula species grow wild in the Kashmir valley and in the bordering hills. The 
important species are Ferula narthex, F. tfiomsoni and F, jaeschkeana. 

The authentic specimens of the gum resin, asafoetida, which oozes out of incision on the roots 
of the plant could not be made available and only the roots and dry fruits of F, jaeschkeana, which 
could be procured, were studied. The gum resin (asafoetida) will be studied and the results com- 
municated later on. 

F, jaesclikeana which is an erect perennial herb grows commonly on the slopes of mountains 
at altitudes of 6,000 to 12,000 ft. above the sea level. It is reported to be coiiimon in Baluchistan. 
Tn Kashmir it grows cominonlv in the Gulmarg, Verinag. Gurez and Kumri ranges. The gum resin 
(asafoetida) is used locally as a condiment and in the treatment of flatulence [Bamber, 1916]. 

The roots and mature fruits of the ])lants were collected from Verinag and Gulmarg ranges and 
the essential oil distilled from these, liad the following properties : 

Yield of oil from drv roots . . . . . . .1*2 per cent^ 

•.1*149 at 15T.V 
1*453 at 20^a 
3*8, per cenii 
0-857 at l„5°e. 

T V- . ..... . . » . « , *' 1*464 at 20°C« 
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carm 


Linn., Caraway (Vera. 2im)- 


6. Garmn ^ ^ ^ ^ 

Caraway consist^ of the, dried ripe fruits of Pa/um carui an erect biennial herb indigenous to and 
cultivated in North and Central Europe, chiefly in Soland and in Central Asia. In .India it is cultivat'- 
ed as a, summer propin the hills pf^BaltistaUj.JCashinir, Kamaon, Garhwal, etc, at an altitude of 9,000 
to 12,000 ft. In Kashmir the plant commonly occurs m Astore, Drawa, Gurez, Skardii and it .is 
also cultivated in the valley. The plant is cut when the fruit is ripe, which is then separated by 
thrashing. It . is largely used in both the Indian and western systems of medicine as stomachic and 
carminative. Caraway oil is used as carminative. Caraway oil is also used for flavouring wines and 
scenting soaps in perfumery [Chopra, 1933]. 

For the distillation of the essential oil caraway seeds growing in Skardu, Gurez and Baghban- 
piira were procured and the properties of the oil thus obtained were studied. These are compared 
with the standards laid down in British Pharmaoeutical Codex, 1934 : 


Locality" 
Altitude 
Yield of oil 
Sp. gravity 
Refractive index 


Baghbanpura 
5,50.0 ft. 

4-3 per cent 

0- 9095 at i r>"C. 

1- 491 at 20°C. 


Gurez* 

7i900.ft. 

6-8 ^per cent 
0-8902 at 15^0. 
l*48f) at 20°C. 


Bkardii 
7,700 ft. 

8-5 per cent 

0- 8907 at 15‘"C. 

1- 485 at 20%'. 


B.P.C. Standard 

3-5 to 6 per *cent ■ 

0- 910 to 0-920 at 15%J. 

1- 485 to 1-492 at 20'^C. 


A perusal of the data shows that the caraway growing in various parts of Kashmir gives pretty 
good yield of oil which is up to B P, and B.P,G. standard. 

7. Prangos pabularia Lindle (Ytvn. Komel) 

It is a .large perennial herb which grows at altitudes from 6,000 to 11,000 ft. in Kashmir.. The 
plant is considered to have carminative, diuretic and emmengogue properties. The leaves, flowering 
tops and dry roots of the plant procured from Pir Panjal range, on steam distillation gave essential 
oil with the following properties : 

Yield of oil from dry leaves and flowering tops . . . . 0-65 per cent 

Yield of oil from dry roots . . , . . . . 1-02 per cent 

Sp. gravity . . . . . . . . .. M29 at 15T. 

Kefractive index . . . . ... . , 1*454 at 20°C. 

8. Origanum vulgare Lim\, (Wild Marjrom ; Vern. Satra) 

The plant grows wild commonly in the temperate Himalayas at altitudes from 6,000 to 12,000 
ft. In Kashmir it is commonly found from 5,000 to 9,000 ft. in forests in the valley. 

It is reported to be eaten at certain places as a pot herb. In the indigenous system of medicine 
the plant is used as an aromatic, stimulating tonic in diarrhoea, rheumatism and in earache [Chopra, 
1933].'" ;■ ' ' 

The plant was collected from the neighbourhood of Giilmarg and on steam distillation the essential 
oil had the following characteristics: 

Yield of oil . . . . . . . C • - 0-76 per cent 

Sp. gravity . . . , . , . . . • 0*933 at 15T*. 

Refractive index , . . ♦ . • • • * 1*477 at 20*C, 

9. Sejiecio jacquemontianus Benih. (Vem, Poshkar)-- 

Amongst the many species of Senecio which grow wild in abundance in Kashmir the study of 
S. jacquemonlum was undertaken for its aromatic properties. It is a large herb and the roots 
particularly give aromatic odour. The plant grows in the Himalayas at altitudes of 10,000 to 13,000 
ft. above the sea level [Bamber, 1916]. In Kashmir it gTOws wild in Gurez valley. 

The roots of the plant were collected during the autumn from Rajdhani (11,000 ft.). Oil steam- 
distillation the roots yielded essential oil with the following characteristics : 


Yield of oil 
Sp. gravity . 
Refractive index 


1*2 per cent 
0*9545 at 15°C. 
1*483 at 20"C. 
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10. CliaeTojjliylliiM villosum Wall (Vern. Jangli Gajar ) — 

It'is a perennial erect herb often found in tbe temperate Himalayas at altitudes from 5,000' to 
12,000 ft. In Kashmir the plants grow abundantly in pine forests and the roots are eaten by the 
local people as wild carrot. . 

The whole flowering plant was steam-distilled and the essential oil obtained had the following 
characteristics : 


Yield of oil 
Sp. gravity 
Eefractive index 


0-98 per cent 
0*9742 at 15^0, 
1*463 at 20T. 


11, Achillea millefolium Linn. (Vern. Momadru, Chopafidiga)— 

It is a common plant found in temperate Himalayas at altitudes of 6,000 to 11,000 ft. In 
Kashmir it is found growing in abundance as a wild weed near the cultivated fields or forest blanks 
around the valley. The flowering heads of the plant were collected for the distillation of essential 
oil which was obtained only in traces. 


12. Eryngium caerulemn Bicb. (Vern. Diidhali ) — 

It is a medium sized erect herb growing common in Kashmir valley at altitudes of 5,000 to 6,000 
ft. The root of the plant is taken as an aphrodisiac and nervine tonic. The plant was collected 
from neighbourhood of Srinagar and on steam-distillation it yielded traces of essential oil 

13, Anthemis noblis Linn. (Vern. Babune-lce-PJiul ) — 

It is a small herb growing wild and is also cultivated in the temperate Himalayas for the medicinal 
properties recognized in the Tibbi system of medicine as stimulant and tonic [Chopra, 1933], The 
flowers were collected locally but on steam distillation only traces were found. 

The physical properties of the oils from the three plants mentioned above could not be studied 
as sufficient amounts could not be obtained by distillation. 
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A NEAV SEEDLING DISEASE OF BRINJALS 

By S. Y. Padmaxabhan'. Departiiiftiit of Agriculture, Bengal, Mycoldgist. G.M.F. .'Scheme 

for imhlication on 20 November 104G) 

(VYith two text figures) 

A DISEASE causmg: leaf s[)ots in brinjal se<?(lluigs was foam! in the Departmental SeofUiiig N'ur- 
sery at Jessore (Bengal) in Xov^inber, 1945. The spots are small, brown in colour, and some- 
what aiigiilar in the beginning. They enlarge to become circular or elliptical or irregularly elliptical 
and possess a well defined margin, fii the older spots the central region becomes papery and tran- 
sliiscent. Sometimes shot-holes are also formed. The spots on enlargement show a marked ten- 
dency to be confined between the ])rineipal lateral veins of the leaf landiie, with the result that 
iiTegiilar spots are formed when their margins run parallel to the veins. 

(Iausal okceanism: 

The Fungus associated witli the above symptohis on brinjal seedlings is an Amjchfjla species 
producing numei^ous, half- immersed, brown, siib-globose, or slightly irregular, papillate pyenulia 
b.aviua’ distinct ostioles. The wall of the pycnidiiim is of thin brown parenchyma witli dark wails. 
Tlie spores are at first continuous, ellipsoid or cylindrical, with rounded oi‘ blunt ends. Tlie mature 
.■si)ore develops, a single septum in the middle and is stout, cylindrical, or oblong, with rounded or 
ilimt ends. There is a waist-like constriction of the side walls whci*e these come in contact with 
the median se])tum. Two guttulations are also seen in each of the two cells of the spore. The im- 
septate spores measure 7*(Sgx3n. (4-1 L x3(jl.), while the septate ones measure 11*0a4[jl. 

( 10-913x3-5) each. Taxo^tohuj, Seyeral species of A have been recorded on Solanaeeae 
outside India, but not on the cuhB'ated brinjal, Solanum nielongei}a. Thus, A, 'petumae Speg., A, 
rneofJaiute Pass.. A, phymliva Sacc., A. daPnrae Sacc. [Saccardo, (i)], A, solmiicola Oud., A. all'cheugi 
Slass. [Saccardo, (ii)]. A. diihamarae Bubak. [Saccardo, (iii)] and A. hjeo pemci Brim [Grove, 
1935] have been reyiorted. Ao records o^ Ascochyta species on Solanaeeae have been made in India 
[Butler and Eisl)ey, 1931 : Up pal el al 1934: Mimdkur, 1938]. The descriptions of the species 
repmted on Solanaeeae are ])resented in Table 1, and compared with that of the fungus on brinjals. 
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Table I 

■ ■ ■ . ■ . _ ^ ■ _ ■ ■ ■ ■ 

jJc.srriplfOif of Aseucliyta reported oo. Solamceae ootpared feith fhefoiigos oo S'jlaiiinn 

lueloiigepa hi Bertgal 


Name of fungus 

Most 


A^coch/ta peiutiia Speg . 

Pptiinia .... 

Pvcmdia — .s<jinewliat iarire, (fark eoIonrcMl ; siz(% 100- 
■ 130(1 

Sjjore.s — liyaline, eyiindriea]. elliptie, mediaif septate, 
without any eon^tiletion : size, 

J. kkututiute Pa^s. . 

Xicotlnnn tahtmon , 

Spores — ovohl ohloiig, luediai] septate, hyaline or 
granulate (no s]»ore ineasorenieats) 

A. Sacc. . , . 

Datitm fifmmonium . ; 

Pyenidia — aggregated on the u}>per side of the leaf, 
somewhat rounded, lOOrj, in diameter 

S])ore.s — eUindrieal to oldong, both ends rounded, 
one septate, size, 7-8 x3p, 

A, pkyscdina >Sace. . 

Phymhs All'phfkgi . 

Pyenidia — immersed on the upper side of the leaf 
SpoH's — oblong, evlindj‘ieai, ('onstrieted, one s<‘ptate, 
size, 2r)-:I<S X SpE, . 2-4 guttulare 

A. solanicola Oud. . 

Pol ft mini n't grim 

P\’enidia — epiphyllous, rare, Ijrown, etuUral pore pro- 
minent, diameter 200(i 

sj)ores — rod-shaped, both ends rounded hyaline, one 
septate, without ('onstriction ; size, l0-12x2*dpL 

A. fjlhekewji ^lass. . 

PhynaVis alkflrngi . 

P\(.‘nidia — e*])iphylloiis, dot-like, meinhranous, pale 
brown, 120-loOfji. in diameter 
spores — ovoid, hyaline, eontinuouSj, or one septate ; 
size, o-10x2’5-4ji . 

A. (hdcatiieraf: Biibak 

Solanvni (hdcawara 

Pyenidia — immersed in the mesojdiy]], globose, 
dcpwssed, 100-150.(1 diameter 
sporc‘s — eyiindrieal, straight or rarely curved, a|jex 
rounded, at iirst eontinuous later one septate ; 
size, 7 -Ox 2-4(1 

A. fycopersici Bran, 

p' - " 

LycopPTsu'imi esculcntum , 

1 

! 

1 

Pyenidia — s<*attered or aggr<‘g{)ftt‘d on swollen sj^kRs, 
.sid)-e]iiidermal, orumpent snh-gJohose, hrowri to 
brownish-black, slightly papillate, f»ierced by a 
pore or two ; 100-250(1 diam, texture, thin pairen* 
<‘bymatous, <'ells clear pale brown darker round the 
outside 

si>ores — ovoid ( i-5 ■. 2':ip.), then sub-eylindrical, 

hyaline, <‘oiitimious, then <ine se}>tate slightly 
constricted with 2 or no guttules ; size, 9.5 X 3.5. 
(4-5-15x2-5-5p,) issuing in a whitish or flesh 
coloured tcmdrils. sporophores, short, simple and 
flliforni 

Ascochyta Sp. 

i 

1' i 

‘■i 1 

Solamm mdojigena 

Py<-nidia' — numerous, half immersed, brown sub- 
globose to irregtdar, papillaO^ and ostiolate, wall 
(-ells of tinn brown par(n)chyma with dark tvails ; 
size, 90-2 1 7fi . 

spores — ellisoxd evlindricai, with rounded or blunt ends, 
<me septate with <^‘:4'riction two guttulations in 
t‘a(rh cell ; size., Il.fex4(i ' * 


The spore measurements of the species on brinjals are greater than those of other specdes except- 
ing A, physalum, the spores of the last mentioned species being about twice that of any other. The 
spores are distinguishable from those of A. sohnicoh in being very much stouter in their constric- 
tions at the septal region, and in the presence of guttulations in the cells. 

Thus the fungus found on brinjal seedlings in Bengal does not seem to belong to any of the known 
species of Ascochyta on Solanaceae. The name, A. melongejiae n. sp., is propose<l to accommodate 
it. 

Technical bescbiftion 


Pycnidia numerous, half-immersed, globose, sub-globose to slightly iiTegular, brownish, soine- 
wliat papillate and distinctly ostiolate ; pycnidial wall of thin brown parenchymatous cells ; size 
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^hi-2I7[x, ixvercjgiiig 151g in diameter. Spores ellipsoidal with roimded ends, nr sununvliat eyiiiidri-” 
eal with^ rounded or blunt ends ; spores on development become one septate, slightly eloiigated, 
rylindneal, andJiave stout walls having waist-like constriction at the sejitum, and two uuttuiations 
m each cell. The iinseptate spores measure 7*0 X 3' p/ with a range of 4*lV/:3fx, The septate 
ynores ineasiire 1 1 x4, with a range of 10*13 x:3-5u-4*l)8p. 

Hal>it on Ihdrig leaves of Solanwm melongena seedlings in Jessore, Bengal ; radlected (>y B. Y. 
l^adnianahhan in November, 1945. Type specimen deposited in Herb. Crvpt. Ind. Oi'ient. Xew 

Pvcnidia miilta, seiiii-inserta, globosa, sub-globosa, vel aliquatiniis irregula.ris, 1)ruinun.i, «.jua- 
dantenus ])apil]ata et distincte ostiolata. Latera pycnidiu constituunter ex celliilis ])arencliymatiei.s 
Inumieis et tenuis, quarum mensura est 90p-2r7p et generatim circa 151 p. Sporae ellijtsoidae 
v\im e.ytremis roundis vel hebetibus. Sporae crescendo hunt uniseptatae, aliquatenus elongataej 
cylindricauy cum erasso latere, circa septum coarctato, cum duabus guttulatioiiibus in singulis celliilis ; 
iuseptate sporae sunt 4-11 x3-5p. 

Habitat in tolus plantularum in Jessore, Bengal Col legit S. Y. Padiiianabhan, 
mense. novemberi, 1945. 

Exemplar servatur in Herb. Crypt. Ind, Orient, Yew Delhi. 

Control 

The incidence of the disease in the beds was not severe. It was noticed in its initial stages 
before it conld do much damage. Complete control was effected by iilucking out the afiected leaves 
in the )ie<ls and spraying the seedlings once with half per cent Bordeaux. 

AgKNO WLEDO EMENTS 

Hy grateful thanks are due to Dr 6. Watts Padwick, Principal of the Bengal Agricultural 
Institute, for helping in the identification of the fungus and to Rev. Father Saiiliere S.J. of the Loyola 
Yollege, Madras, for the Latin rendering of the technical description. 
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